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Chapter 1. General introduction 
1.1 Problem definition 
Globally, biodiverse ecosystems are severely threatened due to rapid population growth 
and increasing anthropogenic activities (Hill et al., 2015). Conserving and protecting a 
biodiverse ecosystem is essential as biodiversity is connected to the functioning of 
ecosystems and is therefore related to the society (Cardinale, 2012). Biodiversity supports 
ecosystem services (Francis et al., 2014). For instance, a biodiverse forest supplies 
pollination services to agriculture, which increase crop yield and quality (Ricketts et al., 
2004). Thus, a biodiverse ecosystem is more productive as they comprise key species that 
largely influence productivity (Cardinale, 2012; Helm & Hepburn, 2012). Biodiversity is also 
strongly associated with certain regulating services (Cardinale, 2012). Creating a biodiverse 
set of habitats in non-production agricultural areas increases multiple ecosystem functions 
(e.g. water regulation and carbon storage) of agricultural lands (Smukler et al., 2010). Lastly, 
biodiverse natural environments stimulate better health and well-being (Lovell et al., 2014). 
This is illustrated in Fig. 1.1.  
 
 
Fig. 1.1. Relations between biodiversity, ecosystem functions and ecosystem service (after 
Cardinale (2012)).   
Likewise, the expansion of industries, agriculture, and tourism often causes water quality 
degradation (Goethals, 2013; Teixeira et al., 2014; Goethals & Volk, 2016). According to 
United Nations (2014), deterioration of water quality has become an issue of global concern 
(United Nations, 2014). Impacts on surface and groundwater resources limit their use for 
drinking, bathing, industrial, or agricultural purposes (United Nations, 2014). Furthermore, 
polluted water threatens both quality of life and public health (Barnhoorn et al., 2015). 
Thus, conservation and restoration of good water quality are important. Monitoring, 
assessment, analysis, modelling and implementation of appropriate management actions 
are necessary to avoid further deterioration of water quality (He et al., 2014).  





Aquatic invertebrates inhabit different types of aquatic systems. Most of them live part or 
most of their life cycle attached to submerged rocks, logs and vegetation (Gabriels et al., 
2010). They are critical in the stream's food web (USEPA, 1997). Thus, macroinvertebrates 
may be crucial in the overall biodiversity as the extinction of one species within a food web 
can result in secondary extinctions due to bottom-up effects (Calizza et al., 2015). They are 
also commonly used in environmental monitoring and assessment (Resh & Rosenberg, 
2010; Lock & Goethals, 2014) because they reflect the quality of an aquatic system due to 
their varying degrees of tolerances to disturbances (De Pauw et al., 2001; Morse et al., 
2007) and integrate environmental stresses that have occurred over an extended period 
(Rosenberg and Resh, 1996). They reveal not only the cumulative impacts of pollution but 
also the impacts from habitat loss not detected by traditional water quality assessments 
(USEPA, 1997).  
Over the past decades, macroinvertebrates have been increasingly applied to assess surface 
water quality in various countries around the world (Gabriels et al., 2010). 
Macroinvertebrates are commonly applied in environmental assessment wherein a general 
framework is usually implemented for water management and restoration (Fig. 1.2). The 
impact of pollution and river modification is commonly assessed based on the relation 
between taxonomic community composition and environmental conditions. However, these 
relations are commonly determined based on local datasets. Consequently, insights into 
global and general relations are lacking.  
 
Fig. 1.2. Framework for water restoration and management (adapted from Forio et al. 
(2017a)). 





Everaert et al. (2014) reported that the associations between macroinvertebrates and 
abiotic conditions can be river basin-specific. Consequently, from a global perspective, 
taxonomic-based environmental assessment has its inherit limitations (Van den Brink et al., 
2011). As taxonomic composition may differ across geographic regions, biotic indices may 
not be transferable between regions. Thus, taxonomic-based water quality assessment 
developed for a certain region and river basin may not be transferable to other regions. As 
such, extrapolation of biotic indices may lead to uncertainty in ecological valuations (Moya 
et al., 2007; Everaert et al., 2014; Forio et al., 2016). This is a major challenge for various 
countries, which make use of biotic indices specifically constructed for other regions to 
assess ecological water quality (Thorne & Williams, 1997; Marques & Barbosa, 2001).  
Recently, trait-based approaches have been explored to assess the conditions of freshwater 
ecosystems (Menezes et al., 2010; Heino, 2013). Different life stages of the same species 
can have fundamentally different ecological functions and roles within the food webs. Thus, 
expressing communities as combinations of trait characteristics, rather than combinations 
of species or taxa can give a more complete description of ecosystem structure and function 
(Baird et al., 2008). In this way, functional traits can be a promising alternative to the 
conventional taxonomic-based environmental assessment (Zuellig & Schmidt, 2012; Boets et 
al., 2013). As the occurrence of various environmental disturbances is prevalent, an insight 
into the relationship between the environmental conditions and the characteristics or traits 
of the organisms/populations/communities is necessary (Baird & Van den Brink, 2007). 
However, studies on the responses of trait composition of macroinvertebrate communities 
along natural and disturbance gradients are limited and are lacking with relevant data 
analysis and modelling methods. Consequently, the shifts of trait composition in response to 
pollution stress and anthropogenic impacts are poorly understood (Heino et al., 2013).    
Although analysis and modelling of macroinvertebrate traits have been successfully 
implemented in temperate aquatic systems, it has been only occasionally studied in tropical 
and sub-tropical regions. To date, only limited studies applied functional traits to assess 
water integrity in neotropical streams (Tomanova et al., 2008; Dedieu et al., 2015a; 
Tupinambas et al., 2016), Cameroonian (Tchakonte et al., 2015) and Iranian (Aazami et al., 
2015) rivers. The trait-based analysis is scarcely explored in the tropical regions.   
1.2 Scope and objectives 
The general aim of this study is to gain insight into the effect of environmental conditions on 
trait-composition of macroinvertebrates in tropical rivers. This study also investigates if 
traits respond to dissimilarities in natural conditions and river modification (pollution, 
hydro-morphological changes) in a similar way in tropical river systems of different 
continents. Therefore, advanced statistical methods and models will be used to analyse data 
from river systems of three tropical countries (Ecuador, Uganda, the Philippines) from three 
different continents that were collected in a standardized way. The strengths of this study 





lie in the uniqueness of the datasets from which the data were collected in a standardized 
way; a study was implemented in data scarce regions; and the invertebrate traits were 
analysed quantitatively.    
The results of this study can have a drastic and wide impact on the ecological assessment 
methods for rivers, as the study will indicate whether the trait-based environmental 
assessment can be relevant for ecological assessment purposes in the tropics. Moreover, 
the study might contribute to the relevance of macroinvertebrate traits for assessing the 
impact of changes in rivers across geographic regions. In this way, these results can be 
useful to improve the standardization and reliability of ecological water quality assessment 
and can serve as a basis for other countries in the world. 
Below are the research questions which this study focuses on:  
1. What is the progress of trait-based approaches based on aquatic macroinvertebrates in 
environmental monitoring, assessment and management? What is lacking in the current 
macroinvertebrate trait studies? (Chapter 2) 
2. How do the abundances of macroinvertebrate traits evolve across the gradient of 
environmental characteristics in a tropical island? What is the effect of different methods 
for estimating trait abundances on the trait-environment associations? (Chapter 4) 
3. How do traits shift and change along a gradient of the environmental variables in a 
tropical river basin? (Chapter 5) 
4. Is there a difference between among the tropical countries with respect to the response 
of macroinvertebrate traits to the gradients of environmental conditions? What is the 
response of macroinverbrate traits to the environmental conditions in the tropics? 
(Chapter 6) 
Each individual chapter of this dissertation answers a specific research question in order to 
achieve the overall objectives of this doctoral research project (Fig. 1.3).  
Chapter 1 provides a general introduction to the importance and relevance of the study, the 
problem statement, the research questions and the aims and scope of the research. 
Chapter 2 addresses the first research question. This chapter integrates information of the 
progress of trait-based approaches based on aquatic invertebrates in environmental 
monitoring, assessment and management. The strengths and limitations of the trait-based 
approach were addressed. Literature was gathered on trait studies in natural (pristine) and 
disturbed environmental conditions, trait analysis at different spatial scales and regions, 
sources of trait databases, trait-based indices and indicators, analysis and modelling of 
traits, and application of traits in environmental management. This chapter also highlights 
insights into the directions and implications for future research.  





Chapter 3 presents the study areas, the data collected, trends found in the dataset and the 
methods for analysing trait abundance.  
Chapter 4 studies how the abundances of macroinvertebrate traits evolve across the 
gradient of an environmental variable on a tropical island. Furthermore, the effect of 
different methods for estimating trait abundances on the trait-environment associations is 
investigated. A case study on the Leyte island in the Philippines is therefore presented. This 
chapter focuses on the general methodological procedure for analysing macroinvertebrate 
traits throughout the study. 
 
Fig. 1.3. Overall schematic diagram presenting the organization of the research and the 
associated chapters within the thesis. 
Chapter 5 investigates the shifts of traits and changes of trait abundance along a gradient of 
the environmental conditions in a tropical river basin. The environmental variables 





associated with traits were identified. This chapter focuses on the ecological insights derived 
from the analysis.  
Chapter 6 tested the hypothesis that the biological traits of macroinvertebrate communities 
in streams in the tropics respond similarly to environmental conditions. Thus, the response 
of macroinvertebrate traits was compared among the three tropical countries (Ecuador, the 
Philippines, Uganda) in relation to the gradients of environmental conditions. 
Chapter 7 links the findings and discussions from the previous chapters. This chapter also 
discusses some practical aspects such as data collection, data pre-processing and modelling, 
ecological implications of the findings, the applicability of macroinvertebrate traits in 
environmental monitoring, assessment, management, and the relevance of trait studies in 
the tropical regions and provides some recommendations for further research. 





Chapter 2. Application of macroinvertebrate traits in environmental assessment 
and management: a review of recent studies and implications for future research 
adapted from  
Marie Anne Eurie Forio and Peter Goethals (in preparation). Application of 
macroinvertebrate traits in environmental assessment and management: a review of recent 


















I seem to have been only like a boy playing on the seashore, 
 and diverting myself in now and then finding a smoother  
pebble or a prettier shell than ordinary, whilst 
the great ocean of truth lay all undiscovered before me.   
- Isaac Newton- 






Taxon approaches based on aquatic invertebrates have been applied in environmental 
monitoring and assessment over the past several decades. Despite its success, the approach 
has several limitations, such as the relationship between taxonomic richness and ecosystem 
productivity is often assumed as unimodal or hump-shaped, most taxa are not present in all 
regions and taxonomic identification of individuals remains time-consuming. Alternative 
approaches or methods supplemental with taxon based approaches are based on 
taxonomic-free attributes such as the traits or characteristics of organisms. In the last three 
decades, research interests had grown on trait-based assessments. Thus, this chapter 
integrates information on the progress of trait approaches based on aquatic invertebrates in 
environmental monitoring, assessment and management. Particularly, the strengths and 
limitations of the trait-based approach were addressed. Additionally, literature was 
gathered on trait studies in natural (pristine) and disturbed environmental conditions, trait 
analysis at different spatial and regional scales, sources of trait databases, trait-based 
indices and indicators, analysis and modelling of traits, and application of traits in 
environmental management. Despite the research advances of trait-based approach, 
further studies are greatly needed to maximize the potential of this approach in 
environmental assessment and management. Thus, this chapter highlights some insights 











Taxon approaches based on aquatic invertebrates have been applied in environmental 
monitoring and assessment over the past several decades (Gabriels et al., 2010). The 
approach has been successfully implemented in many parts of the world. However, it has 
various limitations. For instance, the relationship between taxonomic richness and 
ecosystem productivity is often assumed as unimodal or hump-shaped. This suggests that 
diversity peaks at intermediate productivity, few species can tolerate environmental 
stresses at low productivity and few highly competitive species dominate at high 
productivity (Drobner et al., 1998; Fraser et al., 2015). Thus, taxonomic richness may not be 
a relevant indicator. Most taxa are not present in all regions causing comparison among 
sites to be challenging. Taxonomic identification of individuals also remains time-consuming 
(Drobner et al., 1998; Boets et al., 2013). Alternative approaches or methods supplemental 
with taxon based approaches are based on taxonomic-free attributes such as body size, 
abundance distribution among functional groups, functional diversity and productivity 
(Mouillot et al., 2006; Boets et al., 2013). These are the organisms’ traits or characteristics 
reflecting their adaptation to the environment. In the last three decades, research interests 
on trait-based assessments had grown. Traits are divided into two categories: biological and 
ecological attributes. Biological traits refer to the physiological and behavioural 
characteristics of an organism (e.g. maximal size, aquatic stages, life cycle duration, the 
resistance or resilience potential of organisms, respiration, feeding habits, reproduction) 
while ecological traits refer to the habitat preferences of organisms (e.g. preferences for 
bottom substrate, current velocity, temperature, pH and salinity) (Menezes et al., 2010). 
Biological traits are connected to ecosystem functions. Hence, functional integrity can be 
assessed by a multiple of traits (Doledec & Statzner, 2010). Woodward et al. (2012) 
emphasized the necessity to complement established structural approaches (i.e. water 
chemistry, biological diversity) with functional measures for assessing ecosystem health. 
Trait-based monitoring and assessment programmes provide a mechanistic understanding 
of compositional changes and ecological functioning of lotic ecosystems (Richards et al., 
1997; Usseglio-Polatera et al., 2000c; Doledec et al., 2006; Petrin, 2011). For instance, the 
biological realism of food web descriptions increased upon the inclusion of the commonly 
available qualitative data on functional traits (predators and prey) (Klecka & Boukal, 2013). 
Additionally, incorporation of species-trait variables in environmental assessment aids in 
comprehending ecology by relating the environmental variables and functional traits 
(Petrin, 2011; Colas et al., 2014). Consequently, the assessment of the ecological changes 
due to anthropogenic disturbances in freshwater ecosystems is facilitated (Poff et al., 
2006b; Wooster et al., 2012; Petrin et al., 2013).  
Investigations of the application of invertebrates’ traits in environmental assessment had 
been increasing. This chapter aims to integrate information on the progress of trait-based 
approaches based on aquatic invertebrates in river, watershed and environmental 





monitoring, assessment and management and discusses insights into the directions and 
implications for future research.    
2.2 Trait(s)-based approach in environmental assessment 
Trait-based approaches have the potential to assess the actual state of ecosystems and 
discriminate different types of anthropogenic impacts (Usseglio-Polatera et al., 2000c; 
Archaimbault et al., 2010). Biotic indicators based on selected traits represent a relevant 
biomonitoring tool even for regions where ecological information is scarce (Schäfer et al., 
2011). Conti et al. (2014) recommended the development of trait-based indicators at the 
species-level by means of integrative assessment analysed with non-arbitrary statistical 
methods. On the contrary, Gayraud et al. (2003) and Doledec and Statzner (2010) suggested 
that genus or family identifications are sufficient for studies in river monitoring with 
macroinverterbrate traits and functional diversity of streams at different spatial scales. 
Furthermore, trait-based approaches have a potential in ecotoxicological studies, 
particularly in environmental changes such as chemical contamination, global warming and 
physical constraints (Colas et al., 2014). Strengths, weaknesses, opportunities and threats of 
trait-based approach in bioassessment and ecological risk assessment are summarized in 
Table 1.1 (Van den Brink et al., 2011). 
Table 1.1. SWOT analysis of trait-based approach in bioassessment and ecological risk 
assessment (Van den Brink et al., 2011). 
Strengths Weaknesses 
-transferable across geographies 
-add mechanistic and diagnostic knowledge 
-require no new sampling methodology 
-have an old tradition 
-can supplement taxonomic analysis 
-autocorrelation 
-redundancy 
-inability to protect biodiversity directly 
Opportunities Threats 
-automated image analysis 
-simple tools for developing countries 
-combined with genetic and biotechnology 
tools 
-improved data analysis tools and databases 
to solve autocorrelation problem 
-low availability of trait data 
-traits may not be transferrable 
-quantitative interpretation 
-risk of developing non-relevant traits 
-low quality of historic databases 
-standardization of appropriate trait 
description 
In ecological monitoring, studies indicated that in terms of detecting a specific stressor, 
trait-based approaches may perform better than taxonomy-based approaches. In a study of 
Szöcs et al. (2014), trait-based ordination resulted in a higher explained variance than the 
taxonomy-based ordination between saline and non-saline sites. This indicates that trait-
based approaches gave a better performance and discrimination between sites. In another 
study, trait approach was more sensitive than taxonomic metrics in detecting the effects of 





daily flow peak as a result of damming (Tupinambas et al., 2014). Functional diversity indices 
also performed better than taxonomy-based metrics in detecting sediment related 
impairment (Buendia et al., 2013). Species trait predictions are more sensitive to 
disturbances than taxon richness predictions (Townsend et al., 1997). In comparison with 
density-based approach, trait expression has demonstrated a substantial change before the 
occurrence of lethal effects on the taxa along a disturbance gradient (Colas et al., 2014). 
However, it was also reported that invertebrate trait measures were as effective as 
taxonomic measures in their response to agricultural intensity (Magbanua et al., 2010).  
Various studies reported the beneficial uses of trait-based monitoring and assessment 
programmes. Trait-based approaches allow the identification of indicator taxa (Richards et 
al., 1997; Usseglio-Polatera et al., 2000c; Doledec et al., 2006). Invasiveness of an organism 
can also be predicted using its biological attributes (Statzner et al., 2008). Additionally, traits 
of benthic invertebrates (e.g. maximal potential size, life cycle duration, feeding habits, 
food...) were used to assess the sampling methods, leaf-bags and Surber nets (Di Sabatino et 
al., 2014) and the primary succession of a man-made wetland in South-eastern Sweden 
(Ruhi et al., 2012). Traits also provided the needed mechanistic understanding and 
predictive ability across a broad geographical area (Demars et al., 2012). Lastly, the 
morphological traits of macroinvertebrates (i.e. size, flexibility and body shape) highlight the 
importance of interstitial space, which influences the macroinvertebrate community 
structure (Gayraud & Philippe, 2001). 
Despite the growing research progress in the past decades, the full potential of trait-based 
approach is limited by several factors (Poff et al., 2006b). One of the limitations of trait-
based approach is the redundancy of information and autocorrelation among traits (Beche 
& Resh, 2007). However, Poff et al. (2006b) statistically analysed traits and provided 
guidelines for selecting traits that provided unique (uncorrelated) information in ecological 
studies. They presented three suggestions to select the most robust traits for predictive 
ecological community purposes. Traits with high evolutionary lability should be selected as 
they can be used for a variety of taxa. Low statistical and phylogenetic correlations among 
traits are desirable to ensure statistical independence among trait. Lastly, a trait that can be 
linked mechanistically to a specific environmental gradient is preferable. Another weakness 
of trait-based approach is its inability to protect taxonomic biodiversity directly. For 
instance, climate change would likely have stronger implications for the local conservation 
of taxa than for the preservation of trait composition of stream macroinvertebrate 
communities (Bonada et al., 2007a).  
2.2.1 Traits in natural environmental conditions 
Various natural and near-pristine sites were assessed with invertebrate traits. 
Characterization of invertebrate traits in semi-natural reference sites has a potential 
benchmark for large-scale biomonitoring. According to Charvet et al. (2000), the community 





structure based on both biological and ecological traits was stable across environmental 
gradients (from lowlands to uplands, from calcareous to granitic geology). They suggested 
that integration of this functional application into a general 'reference-condition' approach 
may be possible in future studies. On the contrary, Heino et al. (2007) found that functional 
structure of invertebrates showed distinct variation along local, catchment, and spatial 
environmental gradients across near-pristine streams and emphasized the importance of 
accounting natural ecological filters prior to the examination of the effects of anthropogenic 
filters on stream macroinvertebrate community composition. They stated that the variation 
of trait-based analyses to natural environmental conditions should be carefully incorporated 
in the assessment of environmental degradation. Based on the previous studies, there was 
no clear agreement on trait-based community patterns in natural or reference sites. Thus, 
additional studies are necessary for a deeper comprehension of these systems.  
2.2.2 Traits in relation to environmental disturbances 
Traits of invertebrates are affected by anthropogenic activities. Multiple biological 
invertebrate traits (e.g. body size, body form, dispersal potential), each described by 
multiple categories (e.g. small, intermediate or large body size) could serve as indicators of a 
particular human impact in large rivers (Statzner et al., 2005). Functional diversity metrics 
respond to sewage discharge and demonstrated significant modifications of functional 
diversity downstream of sewage pollution (Peru & Doledec, 2010). Dedieu et al. (2015a) 
compared the trait composition of Ephemeroptera assemblages in three categories of 
headwater streams: reference (undisturbed), formerly gold-mined, and currently gold-
mined sites. Their results showed a significant segregation of species traits among the three 
different sites. In another study, patterns of increasing specialisation (decreasing diversity) 
with increasing anthropogenic pressure for a limited set of traits (dispersal, respiration 
and/or altitudinal preferences) have been observed along a salinisation gradient in the 
Meurthe River in north-eastern France (Piscart et al., 2006). It was also evident that both 
coal mining and agricultural activities had an impact on the biological traits of invertebrate 
communities in endorheic wetlands (Ferreira et al., 2012). Detailed effects on a set of 
specific macroinvertebrate traits to other anthropogenic pressures such as metal 
contamination on sediments (Boets et al., 2013), trout farming (Fabrizi et al., 2010), 
agricultural intensification (Larsen & Ormerod, 2010) and salinization (Szöcs et al., 2014) 
were investigated. Particularly, the study of Larsen and Ormerod (2010) indicates that large-
scale agricultural intensification removes invertebrates with larger and longer-lived traits. 
Thus, they recommended further studies on whether these organisms are at risk globally 
from land-use conversion. 
Traits of invertebrates are affected by physical and hydromorphological stream 
disturbances. More macroinvertebrate taxa possessed trait characteristics of lake or pond 
habitat in streams with diminished flow magnitudes (Carlisle et al., 2011). These 
invertebrates also possess traits with a preference for fine-grained substrates and slow-





moving currents, as well as the ability to temporarily leave the aquatic environment. 
Biological traits detect the shifts of macroinvertebrate assemblage at areas with scouring 
flows associated with intense channelization (Wooster et al., 2012). Furthermore, benthic 
macroinvertebrate functional measures (functional guilds, composition and abundance 
measures, sensitivity and tolerance measures, diversity measures) detects the impact of 
hydromorphological stress (catchment and floodplain land use, riparian and floodplain 
degradation, flow regulation and river bank and bed modification) at different spatial scales 
(ecoregion, catchment, reach and site) (Feld & Hering, 2007). Macroinvertebrate traits are 
also affected by sedimentation (Larsen et al., 2011; Brand & Miserendino, 2014). 
Furthermore, responses of macroinvertebrate traits on drought (Chessman, 2015), water 
abstraction (Brooks et al., 2011), and low flow velocity (Walters, 2011) were also studied. 
On the contrary, Reid et al. (2011) reported that biological traits were not predictive of the 
effects of sedimentation in streams and estuarine gradient. Feld et al. (2014) also concluded 
that functional diversity responds weakly and inconsistently to hydromorphological 
alterations in lotic environments. 
Literature reveals the potential of invertebrate traits as an indicator of a specific 
environmental perturbation and therefore the development of a stressor-specific index 
based on traits is plausible for future investigations.  
2.2.3 Trait analysis at different spatial scales and regions 
Various studies have illustrated the transferability of trait-based approaches across regions. 
Doledec et al. (2011) concluded that relationship between taxonomic community structure 
and land use intensity differed among ecoregions whereas trait composition was 
uninfluenced by region. In another study, Charvet et al. (2000) showed that community 
structure based on both biological and ecological traits was stable across environmental 
gradients of lowlands to uplands and calcareous to granitic geology. Taxonomic richness also 
varies greatly across ecoregions whereas functional metrics varies weakly in response to 
natural environmental variability (Peru & Doledec, 2010). Additionally, the spatial and 
temporal variation of biological traits diversity was less among the perennial pans 
(endorheic wetlands) and in similar ecosystems in southern Africa and other parts of the 
world (Ferreira et al., 2012). Bonada et al. (2007a) also found that local taxonomic and trait-
community composition differed between regions, but the former varied much more than 
the latter. In contrast, Tomanova et al. (2007) showed the dissimilarities in functional 
feeding groups in function of the altitude and in combination with the position along the 
longitudinal gradient in neotropical streams. Moreover, trait and habitat relationships might 
not be comparable between regions with different climatic characteristics (Tomanova and 
Usseglio-Polatera, 2007). Additionally, Beche and Resh (2007) reported that biological traits 
composition and diversity had high temporal variation within each region, however, the 
between-region variation was higher than the temporal variation within a single region. 
There was a considerable regional variation in trait diversity metrics along a gradient of 





increasing taxonomic diversity. Thus, the transferability of trait-based approach across 
ecoregions may depend on which region, type of system, disturbance, or trait metrics (e.g. 
functional feeding groups, trait diversity, trait composition) are being compared.    
Microhabitat conditions can play an important role in certain situations and should not be 
neglected (Garcia-Roger et al., 2013). For instance, the functional variability of invertebrate 
communities in stream reaches depended significantly not only on environmental 
conditions prevailing at the reach or larger scales but also on microhabitat conditions 
(Richards et al., 1997; Lamouroux et al., 2004). This is illustrated in the study of Garcia-Roger 
et al. (2013). They concluded that traits of macroinvertebrates vary among permanent 
streams, intermittent streams with summer pools and intermittent streams with summer 
dry channels within the local habitat.  
Although biological traits composition of invertebrate assemblages has been successfully 
used to monitor temperate rivers, it has been rarely tested in tropical and sub-tropical 
areas. However, recent studies confirmed the use of functional traits for water quality 
assessment in neotropical streams (Tomanova et al., 2008; Dedieu et al., 2015b), 
Cameroonian (Tchakonte et al., 2015) and Iranian (Aazami et al., 2015) rivers. Thus, trait 
approach as a biomonitoring tool for stream integrity assessment has a potential in 
worldwide applicability. 
2.2.4 Trait databases 
Below is the list of macroinvertebrate trait databases. 
a) Tachet et al. (2010) developed a database of macroinvertebrate traits in France. The 
database is defined by 11 biological traits (maximal size, aquatic stages, life cycle 
duration, potential number of generations per year, dispersal, substrate relation, 
resistance stages, respiration, reproduction, feeding habits, food) and 11 ecological traits 
(transversal distribution, longitudinal distribution, altitude, biogeographic regions, 
preferred substrate, preferred current velocity, trophic status, preferred salinity, 
temperature, sabrobity, preferred pH). Variables were resolved into a number of 
modalities (classes/categories) and used a fuzzy coding procedure to describe the link 
between a taxon and each of the traits considered. As such, the procedure allows 
synthesis of information from various sources (Chevenet et al., 1994). The procedure 
translates the available knowledge of organisms’ traits into numerical values.  
b) An online database in www.freshwaterecology.info (Schmidt-Kloiber & Hering, 2015) is 
available. They integrate trait information of European invertebrates, macrophytes, 
diatoms, and phytoplankton. 
c) Trait database of invertebrate taxa found in North America can also be downloaded at 
the webpage of USEPA (USEPA, 2016). Traits from various sources of information were 
integrated into the database. 





d) An online biological trait database on selected marine and estuarine benthic species is 
available in www.marlin.ac.uk/biotic (MarLIN, 2006). 
e) A database of taxa found in the Mediterranean region is available in Bonada and Doledec 
(2011). 
f) A compiled fuzzy coded trait database of 82 neotropical stream invertebrates is found in 
Tomanova and Usseglio-Polatera (2007). 
g) A trait database for freshwater Australian macroinvertebrates is available in 
http://www.mdfrc.org.au/bugguide/ (Murray-Darling Freshwater Research Centre, 2013) 
h) A trait database for European Chironomidae genera (Serra et al., 2016). 
i) Poff et al. (2006a) provided information of life history, mobility, morphological and 
ecological traits of North American lotic invertebrates.  
Despite the development of various trait databases, databases for taxa found in the tropics 
are still limited. Compiling data for macroinvertebrate traits from various sources for taxa 
found in different countries throughout the world would greatly facilitate advancement of 
trait studies. Furthermore, standardization of trait databases is recommended. 
2.2.5 Trait-based indices and indicators 
Recently, indices based on traits of macroinvertebrate were developed. Particularly, the 
local traits based index (TBI) is developed from the richness of macrofaunal taxa in seven 
functional groups namely living position, sediment topographic feature created, the 
direction of sediment particle movement, the degree of motility, feeding behaviour, body 
size and body shape (Rodil et al., 2013). TBI detects changes in sediment mud percentage 
and heavy metal contaminant concentration gradients. Furthermore, TBI offers simplicity, 
robustness and meaningfulness that facilitate management. 
Hershkovitz et al. (2015) developed an index based on invertebrate traits to identify 
vulnerable species of Ephemeroptera (mayflies), Plecoptera (stoneflies) and Trichoptera 
(caddisflies) to the impacts of climate change. The "climate change vulnerability score" 
(CCVS) is an aggregation of six autecological traits that are known to be associated with 
vulnerability to climate change: endemism, micro-endemism, temperature preference, 
altitudinal preference, stream zonation preference, and life history. They assigned a 
vulnerability score (0 - invulnerable to 6 - highly vulnerable to climate change) to 1940 EPT 
species and discussed the applicability of the index at three spatial scales: (1) continental 
(Europe), (2) state (the German Federal State of North Rhine-Westphalia) and (3) a river 
basin (the Ruhr River). The index can assist conservationists to identify "hotspots" in terms 
of climate vulnerability and climate change refuge areas that can be considered for 
protection or the application of restoration measures at a local and regional scale. As not all 
species have complete autecological information, this impedes to recognize the areas of 
priority and thus the applicability of the method.  





A trait-based biotic indicator for the detection of the effects of salinisation on freshwater 
communities (SPEARsalinity) was developed for South-East Australian taxa (Schäfer et al., 
2011). The SPEARsalinity indicator showed a reasonably high relationship (0.38≤r
2≤0.5) with 
salinity in terms of logarithmic electrical conductivity (log EC). SPEARsalinity is selective 
towards salinity as it does not respond to other water quality variables.  
Statzner et al. (2005) define LIRR (least impacted river reaches) conditions. Expected LIRR 
values were obtained from the average of the relative abundance of each trait category 
from 68 least impacted river reaches (≥40 m wide). They proposed that future assessments 
of deviations from these defined LIRR conditions can be used in large European river 
reaches with different types of human impacts by using a framework that required no 
regionalisation of a large geographic area, no modelling of expected values using 
environmental information and no standardised invertebrate sampling.  
Mondy and Usseglio-Polatera (2013) developed an index of potential specialisation (or 
decreasing diversity) of traits for a variety of taxa based on fuzzy-coding in a wide range of 
ecosystems. The assessment of ecological specialization aids in understanding habitat 
perturbations on community and ecosystem processes.  
Culhane et al. (2014) revealed that functional indices may provide a more detailed 
assessment of the benthic communities than structural indices in marine environments. 
However, the overall outcome is broadly similar for both types of indices. Thus, they 
suggested that measurement of functional indices may be unnecessary for routine 
monitoring purposes, although functional indices may reveal more specific aspects of 
evolution in a marine system. 
2.3 Analysis and modelling of traits 
In literature, various techniques were used to analyse the relationship between traits of 
macroinvertebrates and its abiotic conditions. Techniques such as ordination analysis, 
generalised linear models and Rao's Quadratic Entropy (RQE) among others were commonly 
used to analyse and model traits.  
Data pre-processing is an important aspect to be considered prior to the analysis of 
invertebrate traits. Several studies have analysed traits through their abundance in relation 
to the environmental conditions (Menezes et al., 2010; Heino et al., 2013). However, the 
estimation of the abundance of traits is not well documented in most studies. In a few 
studies, they indicated to have applied the abundance-weighted estimation method 
(Usseglio-Polatera et al., 2000c; Gayraud et al., 2003; Ieromina et al., 2016b; Mondy et al., 
2016; van der Linden et al., 2016a). Yet, investigation on the methods for estimating trait 
abundances is lacking. This is essential as the method for estimating trait abundance might 
have an effect on the results and conclusions related to the trait-environment relationships.  





2.3.1 Ordination analysis 
Ordination methods are multivariate techniques, which adopt a multi-dimensional large 
number of data and reveal the relationships between ecological communities (Pielou, 1984). 
Ordination methods geometrically arrange sites or species so that distances between them 
represent their ecological distances. An ordination analysis will result in a 2-dimensional 
graph that reflects the ecological distances between each site or species. Sites or species 
that are close together in the graph are interpreted as being similar; whereas sites that are 
far apart in the graph are interpreted as being different from each other. Common 
ordination techniques are principal component analysis (PCA), redundancy analysis (RDA), 
canonical correspondence analysis (CCA), nonmetric multidimensional scaling (NMDS), 
among others.  
Bremner et al. (2006) analysed trait composition with fuzzy correspondence analysis (FCA), 
co-inertia analysis (CoI) and nonmetric multidimensional scaling (NMDS). They portrayed 
trait composition of benthic assemblages in similar ways; however, NMDS had less power to 
discriminate between assemblages with varying trait composition than FCA or CoI. NMDS is 
appropriate for providing a general picture of functioning in aquatic systems assemblages, 
whereas FCA and CoI have greater power to detect the effects of human impacts, but are 
more difficult to interpret. Thus, the choice of analytical tool is a balance between the 
power of the tool to describe changes in trait composition and the ease with which results 
can be interpreted. Furthermore, they concluded that by including as many traits as possible 
will lead to the most useful description of ecological functioning.  
Feld and Hering (2007) analysed the functional composition with canonical correspondence 
analysis (CCA) and redundancy analysis (RDA). Both CCA and RDA identified clear 
environmental gradients along the two main ordination axes, namely, land use and 
hydromorphological degradation. Dedieu et al. (2015a) determined the differences in 
macroinvertebrate trait assemblage according to environmental characteristics and 
disturbance using correspondence analysis (CA) and multivariate analysis of anova 
(MANOVA). Furthermore, functional community structure was summarized using principal 
component analysis (PCA) conducted on the log-transformed relative abundances of 12 
functional traits (Kovalenko et al., 2014).  
2.3.2 Biological traits analysis (BTA) 
Functional diversity can be measured with biological traits analysis (BTA)(Statzner et al., 
1994). BTA is based on habitat templet theory, which states that “the characteristics of the 
habitat are said to select and favour certain sets of biological characters in individual taxa” 
(Southwood, 1977). As community structure is governed by habitat variability, organisms 
exhibit a certain set of biological traits. This provides information about how organisms 
behave and respond to stress (Lavorel et al., 1997), which consequently indicates the state 
of the environment (Usseglio-Polatera et al., 2000b). BTA uses multivariate ordination to 





describe patterns of biological trait composition (e.g. life history, morphological and 
behavioural characteristics) over the entire assemblages (Bremner et al., 2006). Thus, BTA 
indicates aspects of the species’ ecological functioning. An application of BTA was the 
examination of the functional structure of macrobenthic species that were collected at Po 
river delta, North-Adriatic Sea in Italy (Paganelli et al., 2012). 
2.3.3 Fourth corner method 
Fourth corner method is a method linking three data matrix tables, a table L with abundance 
or presence–absence values for species at a series of sites, a table R with variables 
describing the environmental conditions of the sites, and a table Q containing traits (e.g., 
morphological or behavioural attributes) of the species (Dray & Legendre, 2008). The 
method was applied to the Tiahura fish data set (Legendre et al., 1997). In the case study, 
matrix A contained the occurrence of the animal; matrix B contained the traits of organisms, 
while matrix C contains the environmental variables. The method identified positive or 
negative associations between the biological or behavioural traits of animals and the habitat 
characteristics of the locations at which they are found. Other ecological problems such as 
feeding behaviour can be analysed using the method. In this case, matrix A contains rows of 
individuals and columns corresponding to locations, matrix B (in columns) contains the prey 
ingested by each individual, and matrix C may contain either microhabitat environmental 
variables, or prey availability variables (Legendre et al., 1997). Spitz et al. (2014) have used 
this method to understand the functional relationships between predators (marine 
mammals) and their prey (fish, cephalopods, crustaceans). This method is rarely used in the 
trait-based analysis of invertebrates. Application of this method facilitates a deeper 
understanding of ecosystem function and ecological processes, which facilitates 
environmental conservation and management.  
2.3.4 General linear models 
General linear models (LM) are statistical models and specifies the relationship between a 
dependent (or response) variable Y, and a set of k predictors, X1, X2, ... Xk  so that 
𝑌 = 𝛼 +  𝛽1 𝑋1 +  𝛽2𝑋2+. . . + 𝛽𝑘𝑋𝑘 +  𝜀 
where α is the intercept, βs are the regression coefficients, and ε is assumed to be normally 
distributed with mean zero and constant variance, σ2. LM expresses the relationship 
between the predictor and the response variable. LMs have been used to model 
relationships of traits with environmental variability. Peru and Doledec (2010) compared the 
variability of taxonomic richness, Simpson diversity and functional metrics across ecoregions 
with general linear models. Furthermore, LMs were applied to analyse the relationships 
between watershed stressor variables and voltinism and functional diversity (Kovalenko et 
al., 2014).  





Logistic regression is a statistical method for analysing a dataset in which there are one or 
more independent variables that determine an outcome measured with a dichotomous 
variable (only two possible outcomes). Life history and behavioural attributes with reach-
scale and catchment-scale physical features were modelled with logistic regression 
techniques (Richards et al., 1997). 
Poisson regression (PR) is another statistical method that models abundance or count data 
with one or more independent variables. A variant of PR is zero-inflated Poisson regression 
(ZIP). ZIP models count data that has an excess of zero. These techniques were applied in 
the study of Boets et al. (2013). They modelled the maximal body length as a function of the 
average abundance for each range of copper concentration in the sediment (mg kg− 1 DM). 
A technique based on a maximum entropy approach to relate species relative abundance 
with their traits is the Community Assembly via Trait Selection (CATS)(Shipley et al., 2006). 
However, Warton et al. (2015) showed CATS is equivalent to a generalized linear model for 
abundance, with species traits as predictor variables. They concluded that generalized linear 
models have advantages in interpretation, model checking, extensions and inference. On 
the other hand, CATS does not take into account species correlation in abundance. They 
recommended to perform checking for overdispersion and account for it if present in future 
CATS analysis. 
2.3.5 Regression trees 
Tree-building algorithms determine a set of logical if-then conditions that permit accurate 
prediction or classification of cases. Thus, the final results are summarized in a series of 
logical if-then conditions in tree nodes. Regression trees are applied when the target 
variable takes continuous values. Poff et al. (2010) assessed the potential ecological 
responses to climate change by characterizing benthic species by biological attributes 
(traits) that are responsive to temperature and stream flow conditions with regression tree 
analysis.  
2.3.6 Threshold Indicator Taxa ANalysis (TITAN) 
Threshold Indicator Taxa ANalysis (TITAN) was introduced by Baker and King (2010). TITAN 
detects changes in taxa distributions along an environmental gradient over time or space, 
and access synchrony among taxa change points as evidence for community thresholds. Feld 
et al. (2014) analysed detailed changes in taxonomic and trait composition with increasing 
hydromorphological alteration.  
2.3.7 Rao's Quadratic Entropy (RQE) 
Peru and Doledec (2010) analysed functional diversity metrics based on Rao's Quadratic 
Entropy (RQE). The study describes the differences among benthic invertebrate genera in 
eleven biological traits (e.g., size, life cycle, reproduction types, feeding habits). Rao's 
quadratic entropy (Rao 1982) is a measure of diversity in ecological communities that can 





optionally take taxa differences (e.g. phylogenetic dissimilarity) into account. RQE is 
conceptually similar to analyses of genetic diversity among populations (Nei, 1973), but 
instead of a diversity of alleles among populations, it measures the diversity of species 
among communities. 
2.4 Application of trait-based approach in environmental management 
Monitoring and assessment tools for the management of water resources are generally 
more effective if they are based on a clear understanding of the mechanisms that lead to 
the presence or absence of species groups in the environment (Usseglio-Polatera et al., 
2000). Demars et al. (2012) highlighted the potential applications of multiple trait 
approaches in river science and management. Furthermore,  Kefford et al. (2012) advocate 
the protection of biological traits, ecosystem functions or ecosystem services from stressors 
as a management goal. Particularly, Tullos et al. (2009) observed that taxa in restored 
habitats are environmentally selected for traits favoured in disturbed environments. Thus, if 
traits are targeted in restoration activities, this may improve the functional-traits 
composition. Predictions on reach or pool occupancy of species are needed in evaluating 
potential management actions such as the use of environmental flows to sustain drought 
refuges during dry periods. Nevertheless, due to the limited knowledge of invertebrate life 
histories, the ability to use these concepts in a predictive manner is restricted (Robson et al., 
2011).  
Trait-based approaches have been applied and studied in hydromorphological restoration 
and management. Paillex et al. (2009) recommended that floodplain-scale restoration 
should focus on diversification of hydrological connectivity of channels to conserve 
maximum functional characteristics in macroinvertebrate communities. They controversially 
discovered that restoration-induced enhancement of lateral hydrological connectivity 
increased the functional diversity of the alien macroinvertebrates. Favourably, these species 
contributed only a small part of the total macroinvertebrate functional diversity. In another 
study, trait-based approach supports management planning by facilitating the identification 
of taxa that are most at risk from water abstraction (Brooks et al., 2011). The use of 
biological traits in studies of sediment related disturbance may help identify extinction-
prone species and help guide management in catchments subjected to excessive fine 
sediment (Buendia et al., 2013). 
Traits of invertebrates were also applied to mitigate impacts of climate change. In a study, 
riparian buffer strips were suggested as a conservation measure to mitigate increased 
temperatures (Sandin et al., 2014). Thus, the authors emphasized that trait information on 
taxa specialization (taxa with a preference for high altitudes as well as sensitivity to changes 
in temperature) is important in risk assessment from future global climate change to 
freshwater ecosystems. 





The application of trait-based approach in land use management was assessed in some 
studies. According to Doledec et al. (2006), effective river management can be facilitated by 
the quantification of ecologically relevant changes and the discrimination of varying levels of 
impact in land use alteration. They concluded that overall, species traits differentiate the 
consequences of land use intensification in grassland stream communities. The functional 
approach was able to identify sensitive life-history characteristics linked to the functioning 
of ecosystems, thereby facilitating the development of targeted management actions. In an 
agricultural land use, conventional farming had the strongest adverse consequences for 
stream condition (Magbanua et al., 2010). In contrast, the application of a trait-based 
integrated management system (aimed at reducing pesticide use by increasing beneficial 
pest predators and encouraging environmentally responsible soil, water and energy 
management) proved as effective as organic farming and, together with organic farming, 
can be considered better practice.  
2.5 Direction and implications for future research 
This chapter highlights the recent progress of research on the application of trait-based 
approach in environmental assessment and management. Despite the advances in trait-
based research, further studies are necessary to optimize the potential of this approach in 
environmental assessment and management and find solutions on some of the underlying 
problems associated with the approach.  
Firstly, trait databases are limited, incomplete and mostly focused on European and North 
American taxa. Trait databases for taxa in the tropical and subtropical countries are scarce. 
Publishing these databases would greatly contribute to the progress of the application of 
trait-based approach in environmental assessment and management in the tropics. 
Furthermore, we recommend standardization of these databases. 
Identification and characterization of traits of invertebrates can be tedious and time-
consuming. An alternative option is to directly measure or monitor traits of invertebrates in 
an aquatic system. Application of an automated measurement of macroinvertebrate traits is 
suggested for future studies. Numerous studies have utilized automated observations. For 
instance, Silper et al. (2015) monitored the behavioural expression of Holstein heifers with 
accelerometers and video observations. Hong et al. (2015) developed a new integrated 
hardware and software system that combines video tracking, depth sensing and machine 
learning for automatic detection and quantification of social behaviours of mice. Canopy 
traits were derived from the airborne visible/infrared imaging spectrophotometer (AVIRIS) 
and light detection and ranging (LIDAR) (Gu et al., 2015). Thus, automation of 
macroinvertebrate trait measurement can be possible either directly in the field or in the 
laboratory. For instance, a waterproof camera can be installed underwater to record the 
behaviour and traits of macroinvertebrate found underwater or an automated machine 
which can automatically identify the trait of the species upon scanning.  





Secondly, firm evidence on whether the responses of invertebrate traits towards 
environmental regions are transferable across ecoregions is lacking. The transferability of 
trait-based approach across ecoregions may depend on the region, type of system, 
disturbance, trait metrics (e.g. functional feeding groups, trait diversity, trait composition or 
a particular trait) or on a particular trait (e.g. body length, functional feeding group, 
reproduction). Determining the trait or set of traits that can be transferable across 
ecoregions may allow the development of a standardized assessment score in a global 
context.  
Trait-based approaches are rare in tropical countries. Most trait studies are focused in the 
temperate countries. Most probably, more research funding is available in developed 
countries. Thus, knowledge of the responses of invertebrate traits towards environmental 
alterations in the tropics is limited and therefore these studies are suggested in the tropics 
as this would greatly enhance our understanding of traits in a broader geographical region. 
Thirdly, several studies revealed insights into the relationship between the environmental 
conditions and the traits of organisms/populations/communities. As a certain set of traits 
are selective and sensitive towards a specific environmental disturbance, the development 
of a stressor-specific indicator based on traits is promising. However, the responses of traits 
on macroinvertebrate communities along natural and disturbed gradients are still limited. 
Additional studies are therefore necessary to understand these responses.   
Fourthly, plasticity, which is the capacity of organisms to vary in morphology, physiology and 
behaviour in response to varying environmental conditions is of key importance for 
understanding the role of individual species in ecosystem functioning (Tornroos et al., 2015; 
Volis et al., 2015). For instance, feeding plasticity may explain the adaptation of organisms 
to changes in their surroundings (Tornroos et al., 2015). The optimization of canopy space 
use by mixed-species forests could be due to the ability of trees to plastically adapt the 
shape and size of their crowns in response to changes in the local competitive environment 
(Jucker et al., 2015). Thus, maintaining tree species diversity offers a solution for enhancing 
carbon sequestration and storage potential of forest ecosystems. Liancourt et al. (2015) 
demonstrated that trait plasticity could play a critical role in the vulnerability of species to a 
rapidly changing environment. Studies on the impact of trait plasticity of aquatic 
invertebrates on ecosystem functioning are missing. Such investigations facilitate and 
provide insights into ecosystem and natural resources management.  
Trait plasticity at the population level and the individual level within a population might be 
important. Quantification and comparison of the nature and magnitude of plasticity among 
individual, populations and species are necessary for empirical tests and modelling 
(Forsman, 2015). The impact of the plasticity of invertebrates and their interactions at 
individual, populations or species level on ecosystem functioning and ecological processes is 
not well understood.  





Fifthly, analysis and modelling of traits by other techniques such as mechanistic models, 
artificial neural networks (ANNs), Bayesian belief networks (BBNs) and fuzzy models among 
others have not yet been explored. The plausibility of these methods for analysing and 
modelling traits is an interesting research in the future. As these techniques have been used 
to assist and support environmental management, application of these techniques in 
modelling and analysis of traits widens the potential of traits in environmental 
management. However, prior to the analysis, pre-processing of traits data must be critically 
addressed as this might have an effect on the final model outcome. 
This study will only focus on aquatic invertebrate trait analysis in the tropical regions, 
investigation of data pre-processing procedure; modelling and quantifying count of each 
trait classes as a function of environmental conditions and tests whether the response of 
invertebrate traits towards the environmental conditions is transferable across the tropical 
regions.    





























If I have seen further it is by standing on the shoulders of Giants.  
-Isaac Newton- 






This chapter provides a brief description, climatic characteristics and information of human 
activities in each study areas (Guayas River basin in Ecuador, Leyte island in the Philippines, 
Kasese district, Uganda). Monitoring methods were described such as the collection 
macroinvertebrate samples, inventory of the hydromorphological variables and 
measurement of the water chemistry and physical river characteristics. Data pre-processing 
was elaborated, in particular, assigning traits to the recorded macroinvertebrate taxa and 
the different methods for estimating the trait abundances. A brief description of the data 
and an overview of regression methods for analysing count data are also presented.  
  





3.1 Study areas 
Three tropical regions from different continents were considered in this study, being 
Ecuador, the Philippines and Uganda (Table 3.1).  
3.1.1 Guayas River basin, Ecuador 
The Guayas River basin is located in central-western Ecuador (2° 12' 13.7'' S, 79° 53' 50.8'' 
W, approximately 240 km south of the equator) and is the major watershed in the country 
(Fig. 3.1). It covers a land surface area of 34,112 km2, with an altitudinal range of 0-4474 m 
a.s.l (meter above sea level). Furthermore, it occupies 13% of the country’s territory and 
hosts approximately 40% of the Ecuadorian population (Andres, 2009; Arias-Hidalgo, 2012). 
The Guayas River, which is the mouth of the basin, is formed by the confluence of two 
tributaries (Daule River and Babahoyo River) and is located in Guayaquil which is a port city 
and the largest and most populous city in Ecuador. Situated in the upper region of the basin 
is the Daule Peripa dam (Fig. 3.1). Its reservoir cover a surface of 30, 000 ha with the 
deepest water depth fluctuating between 70 and 85 m (CELEC, 2013). The reservoir is used 
for hydropower generation, irrigation, flood protection and drinking water (Arriaga, 1989).  
 
Fig. 3.1. Sampling sites at the Guayas River basin. Only the main rivers are shown. 
The seasons are well-defined in Ecuador. Within the basin, dry and wet season falls between 
May and November and December-April, respectively. The average annual precipitation 
ranges between 1662-2600 mm and air temperature varies between 22-27oC. Furthermore, 





the average relative humidity is not less than 85% (Sotomayor-Maldonado, 2011; Arias-
Hidalgo, 2012).    
The river basin supports multiple agricultural and industrial activities. The main agricultural 
crops produced in the Guayas River basin are coffee, cocoa, bananas, maize, palm and sugar 
cane. Industrial plants for food, beverages, pharmaceutical, dairy, textile and plastic are also 
located within the basin. Silver, zinc, lead, sand, limestones are also quarried.  
3.1.2 Leyte island, the Philippines 
The Leyte island is the eighth largest island in the Philippines and is situated in the central 
region of the Philippines (11° 2' 18.34" N, 124° 37' 9.37" E,  approximately 1100 km north of 
the equator) with a surface area of 7,368 km² (Fig. 3.2). The island is irregular in shape and 
has mountains in the centre. The mountains are roughly broken by steep slopes. The highest 
mountain reaches 1,349 m. The island is 214 km long from the north-western tip to the 
south-eastern end, 72 km wide at the widest portion of the island and 25 km at the 
narrowest part (Barrera, 1954). A complex system of short streams drains from the 
mountains to the coasts. Plains are found in the coastal areas, mainly in the north (Pletcher, 
2015). The island is about 41% forest, 55% open and cultivated lands and 1% swamp, fresh 
and salt marsh. The supply of water for domestic consumption is abundant except in a few 
places. In general, the towns and villages near the borders of high mountains are well 
provided with good water (Barrera, 1954).  






Fig. 3.2. Sampling sites on Leyte island. 
The climate of the island is characterized by a relatively high temperature (24-33oC), a high 
mean relative humidity (>85%) and an abundant rainfall. The island has a fairly uniform 
temperature throughout the year (Barrera, 1954). Average annual rainfall is 2,100-4,500 
mm. Typhoons occur every year, usually within the period of July-January.   
Human activities within the island include crop cultivation, industry, quarrying, urbanization 
and aquaculture. Rice and coconut are the main crops. Other crops include corn (maize), 
abaca, tobacco, bananas, pineapple and sugarcane. Manganese deposits, sandstone and 
limestone are quarried in the northwest. Coconut oil mills, a copper smelting plant, a 
phosphate fertilizer, ethyl alcohol production plants and a geothermal production field are 
located on the island.  
3.1.3 Kasese district, Uganda 
Kasese district is situated in southwestern Uganda (0° 10' 60" N, 30° 04' 60" E, positioned 
along the Equator) with a surface area of 3,389 km2 (Fig. 3.3). The district is 85.9% land with 
over 63% covered by game parks. Two percent of the total area consists of wetlands and 
12.1% covered by water bodies (Uganda Bureau of Statistics, 2009). The altitude ranges 
between 900-1500 m a.s.l. The Rwenzori Mountains are situated to the north and are the 
vital sources of the rivers Nyawamba, Mubuku and Nyamugasani. The latter two are 





important headwaters for the Albert Nile which is a major tributary of the river Nile 
(Dumont, 2009). These river headwaters start from the glacial melt in the Rwenzori ranges 
and they traverse through the western rift valley flat plains and drain into lakes Edward and 
George (Eggermont et al., 2009). The two lakes are connected by Kazinga Channel. These 
watercourses are a key water source for over 650,000 inhabitants, wildlife and industries 
(Plumptre et al., 2007; Uganda Bureau of Statistics, 2009).  
The region is characterized by well-defined rainy and dry seasons. Annual rainfall ranges 
from 800 to 1600 mm. Wet conditions occur from March to June and October to December, 
however, the dry season is characterized by short periods of intense rainfall. The air 
temperature ranges between 15-30oC and an average relative humidity of not less than 65% 
(Uganda Bureau of Statistics, 2009).  
Within the district, human activities include tourism, cobalt mining, cement production, lime 
and salt extraction, small hydropower and irrigation dams and agriculture. Crops such as 
millet, cassava, maize, sorghum, groundnuts, beans, Irish potatoes, sweet potatoes, 
matooke, passion fruit, tomatoes, cabbage, cotton, coffee, chili peppers, mangoes, 
pineapples, pears and apples are cultivated (Uganda Bureau of Statistics, 2009).  
 
Fig. 3.3. Sampling sites at Kasese district (Musonge et al., submitted). 





Table 3.1. Description of the study areas.  
 Ecuador Philippines Uganda 
Study region Guayas River basin Leyte island Kasese district 
Country region Central to western of 
Ecuador 
Central and eastern 
of the Philippines 
Western Uganda 
Surface area 32112 km2 7368 km2 3389.8 km2 
Altitude range 0 – 4474 m a.s.l. 0 – 1349 m a.s.l. 900 – 1500 m a.s.l. 
Average annual 
precipitation 
1662 – 2600 mm 2100 – 4500 mm 800 – 1600 mm 
Air temperature 22 – 270C 24 – 330C   15 – 310C 
Mean relative humidity > 85% > 85% > 65% 
Wet season period December – May  June – November  March – June and  
October – December  
Human activities    
Agriculture Banana, maize, rice, 
palm, sugar cane, 
coffee, cacao, soy, corn 
Rice, coconut, 
pineapple, sugar 
cane, maize, abaca 
Coffee, cotton, 




cattle, poultry farms) 
Yes Yes Minimal 
Urbanization Yes Yes Yes 
Industrial plants Food, beverages, 
pharmaceutical, dairy, 
textile, plastic industrial 
plants 
Oil mills, Copper 
smelting plant, 
phosphate fertilizer 




Aquaculture Yes Yes No 






Tourism Minimal Minimal Yes 







3.2 Data Collection 
3.2.1 Macroinvertebrates 
Aquatic macroinvertebrates were sampled at 120, 85 and 71 different locations in Ecuador, 
the Philippines and Uganda on the dry season October-November (2013), April-May (2015) 
and February-March (2014) respectively (Fig. 3.1-3.3; Appendix Fig. 3.1-3.3). Of the 120 sites 
at Guayas River basin, Ecuador, 32 of which were located at the Daule-Peripa reservoir and 
88 were watercourses. Five sites of the 85 river reaches at Leyte island, the Philippines were 
brackish. At Uganda, 1 site was located at lake George, 4 were collected from the Kazinga 
channel and 66 sites were river reaches. The sites were selected along a gradient of 
disturbances and to ensure safety and accessibility of all locations. The selected rivers 
reaches were characterized by a good mix of natural sites and diverse types and intensities 
of pollution and hydro-morphological adaptations. 





Macroinvertebrates were monitored through kick sampling with a standard handnet 
(conical net with a frame size of 20x30 cm and a mesh size of 500 µm, attached to a stick) as 
prescribed by Gabriels et al. (2010). For each sampling site, a 10-20 m stretch was sampled 
during 5 minutes. Sampling effort was proportionally distributed over all aquatic habitats 
present at the sampling site, including bed substrates (stones, sand or mud), macrophytes 
(floating, submerged, emerging) and other floating or submerged natural and artificial 
substrates. All the collected material was transferred to buckets with covers. Afterwards, 
samples were sieved and organisms were sorted alive in the laboratory. Macroinvertebrates 
were identified to the family level.  
3.2.2 Physical-chemical and hydromorphological measurements 
For each sampling site, physical-chemical water characteristics were measured (Table 3.2). 
In situ measurements were conducted for elevation, average water velocity, water 
temperature, specific conductivity, total dissolved solids, water pH, dissolved oxygen (DO), 
DO saturation, chlorophyll concentration, turbidity, chloride, average stream depth, average 
stream width, floodplain width, floodprone width and maximum stream depth. 
Subsequently, water samples from each sampling location were collected to further analyse 
the five-day biological oxygen demand (BOD5), chemical oxygen demand (COD), 
orthophosphate-P, total P, nitrate-N, nitrite-N, ammonium-N, total N and total organic 
carbon (TOC) concentrations in the laboratory. The water samples were stored in plastic (1L 
and 250 mL) and glass bottles (250 mL), kept cool and dark immediately after collection and 
transported to the laboratory. The samples for COD analysis were acidified for sample 
preservation. In the laboratory, the samples were kept in the refrigerator (cool and dark) 
and were analysed within 24 hours after collection.   
Hydromorphological characteristics and site descriptions (Table 3.2) were determined 
through field inspection. A detailed overview and definition of each hydromorphological 
variable are presented at Appendix Table 3.1.   
Table 3.2. Measured physical-chemical and hydromorphological variables in Ecuador (Ec), 
the Philippines (Ph), and Uganda (Ug).   
Physical-chemical 
variables (units) 
Ec Ph Ug 
Hydromorphological variables & site 
description (data type) 
Ec Ph Ug 
Elevation (m a.s.l.)a x x x Main land use (nominal) x x x 
Average water velocity 
(m/s)b 
x x x Shading (ordinal) x x x 
Water temperature (oC)c x x x Macrophytes (nominal) x x x 
Specific conductivity 
(µS/cm)c     
x x x Valley form (nominal) x x x 
Total dissolved solids 
(g/L)c 
x x  Channel form (nominal) x x x 
Water pHc x x x Variation in width (ordinal) x x x 
Dissolved oxygen x x x Extent of erosion (ordinal) x x x 







Ec Ph Ug 
Hydromorphological variables & site 
description (data type) 




x x x Bank profile (nominal) x x x 
Chlorophyll a 
concentration (µg/L)c 
x x x Variation in flow (ordinal) x x x 
Turbidity (NTU)c x x x Depth of sludge layer (ordinal) x x x 
Biological oxygen 
demand (mg/L)d 
 x x Presence of twigs (ordinal) x x x 
Chemical oxygen 
demand (mg/L)d 
x x x Presence of branches (ordinal) x x x 
Orthophosphate-P 
(mg/L)d 
 x x Presence of logs (ordinal) x x x 
Total phosphorus 
(mg/L)d 
x x x Bed substrate (ordinal) x x x 
Nitrate-N (mg/L)d x x x Bank shape (nominal) x x x 
Nitrite-N (mg/L)d x x x Bank slope (ordinal) x x x 
Ammonium-N (mg/L)d x x x Bed compaction (ordinal) x x x 
Total Nitrogen (mg/L)d x x x Bank material (ordinal)  x  
Total Organic Carbon 
(mg/L)d 
  x Sediment matrix (ordinal) x x x 
Chloride (mg/L)c x  x Sediment angularity (ordinal) x x x 
Average stream depth 
(m)e 
x x x Pool/Riffle class (ordinal) x x x 
Average stream width 
(m)f 
x x x Presence of macroalgae (ordinal)  x  
Flood plain width (m)f x x x 
Presence of domesticated water 
buffalos (ordinal) 
 x  
Flood prone width (m)f x x x Presence of quarrying (ordinal)  x  
Maximum stream depth 
(m)e 
x x x 
Presence of water hyacinths 
(ordinal) 
x   
Measured with aGarmin GPS;  bmodel höntzsch HFA, Höntzsch GmbH manufacturer;  cmodel 
YSI 6600 V2 & YSI 6600 V1, YSI manufacturer & model Three-Multi 3430 IDS, WTW GmbH; 
dHach Lange GmbH spectrophotometric method, emeter stick, ftape measure 
3.3 Data pre-processing 
Only the samples collected in the watercourses (rivers) were further analysed. Records on 
total N, total P and nitrite-N were removed because most of the observations were below 
the detection limit of the chemical kits. Variables that were measured in only one or two 
countries were also eliminated. Subsequently, the remaining variables were considered for 
further analysis except for variables that were highly correlated. Particularly, for each pair of 
highly correlated continuous and ordinal categorical variables, the variable with the largest 
number of missing observations was eliminated. A correlation analysis was performed with 
Pearson correlation and a correlation coefficient of 0.8 was considered highly correlated. To 





visualize the correlations among continuous and ordinal variables, a PCA biplot was 
constructed (Appendix Fig. 3.4).  The cosinus of the angle between the vectors representing 
the environmental variables equals the correlation, thus, a very small angle (or one close to 
180 degrees) suggests a strong linear dependence.  
The Ecuadorian data had six cases with missing observations and a case with an outlier value 
for turbidity and another case with outlier values for both conductivity and ammonium-N. 
These cases were eliminated. The five brackish sites from the Philippine were also not 
included in the analysis; therefore all sites were freshwater watercourses. The Ugandan 
data had one case with missing observations, which was also eliminated prior to analysis. 
This resulted in 80, 80 and 65 cases left for further analysis from the Ecuadorian, Philippine 
and Ugandan data, respectively.  
3.3.1 Allocating biological traits to macroinvertebrates   
Information on biological traits of each macroinvertebrate was gathered from various 
databases (MarLIN, 2006; Tomanova & Usseglio-Polatera, 2007; Tachet et al., 2010; Murray-
Darling Freshwater Research Centre, 2013; Schmidt-Kloiber & Hering, 2015; USEPA, 2016). 
As each taxon was identified to the family level, which is a higher level than the one mostly 
given in the trait database, the traits of the most dominant and/or common genus found 
were used as identified by the taxonomy expert (Table 3.3; Appendix Table 3.2). Only the 
biological traits feeding strategy, locomotion, reproduction, respiration and maximal 
potential size were considered in this study due to the availability of trait information on the 
taxa found among the three regions. The traits of 71, 78, and 88 percent of the taxa 
collected at Ecuador, the Philippines and Uganda, respectively were found in the database 
of Tachet et al. (2010). The database used the fuzzy coding procedure to describe the link 
between a taxon and its traits, which provides information on the degree of taxon’s 
preference towards a certain trait modality (category). A score to each taxon was assigned 
which describes its affinity to each modality of each trait from ‘0’ indicating ‘no affinity’ to 
‘5’ indicating ‘high affinity’. For further information on the database, we refer to Usseglio-
Polatera et al. (2000c). In this study, we mostly focused on feeding strategies as this trait (i) 
has been considered as an essential factor in structuring invertebrate communities (Pearson 
& Rosenberg, 1987) and (ii) is commonly analysed, probably due to the link between feeding 
strategy and ecosystem functions (Schmera et al., 2017).  
  





Table 3.3. Traits of macroinvertebrates analysed in this study. Trait modalities 
(categories/classes) are based on the classification in  Tachet et al. (2010).  
Traits Modalities Definition 
Feeding 
strategy 
Absorber Absorb macromolecules through their teguments 
 Deposit feeder Feeds on organic particles that are deposited on the sediment 
or take up sediment 
 Filter feeder Feeds on fine organic debris, microphytes and 
microinvertebrates present in the water column: it is called 
plankton in lakes and ponds and seston in running waters. 
Filtration happens with the aid of morphological structures or 
filtration through secretion of filtration structure 
 Parasite Lives in or on another organism (its host) and benefits by 
deriving nutrients from the host organism 
 Piercer The food source is liquid or liquefied by enzymatic action. The 
food can be of vegetal origin (e.g. cellular content of 
filamentous algae) or of animal origin. 
 Predator The food source consists of an animal (micro- or 
macroinvertebrate), which is either swallowed whole 
(swallowers) or cut/ripped into pieces. Many predatory insects 
have specializations that are either anatomical or behavioral 
(e.g. plankton fishing web).  
 Scraper/grazer Feeds on fine organic debris, consisting of microphytes and 
microinvertebrates, which can form very fine deposits on the 
water surface (neuston), on hard substrates (perilithon) or on 
macrophytes (periphyton) 
 Shredder Ingests or feeds on coarse particulate organic material (CPOM) 
such as small sections of leaves 
Locomotion Burrower Animals that spend the largest part of their life burrowed into 
the sediment at a few centimetres from the surface. 
 Crawler Animals that move over the substrate 
 Flier Organisms that mainly have an aquatic lifestyle, but which are 
capable of flying by their own means. Organisms that are 
transported by birds. 
 Full water 
swimmer 
These are planktonic organisms (reduced swimming capacity 




Epibenthic burrowers can dig themselves very deeply into the 
sediment. 
 Surface swimmer These are organisms that move over the water surface, 
organisms that swim under the surface, or organisms that 
hang just beneath the surface.  
 Temporary 
attached 
Organisms that can leave their substrate. 
 Permanently 
attached 
Organisms attached to their substrate and comprises their 
complete life cycle 
Reproduction Asexual Frequent in primitive groups which can take on very different 
aspects: budding, fission, paratomy, production of gemmulae 
(gemmulation), etc., and has not been defined in a more 
detailed way because of missing information on many genera 
 Clutches, cemented Groups of eggs (i.e. hundreds of eggs in one clutch) and 





Traits Modalities Definition 
cemented in sediments 
 Clutches, free Groups of eggs (i.e. hundreds of eggs in one clutch) and not 
cemented 
 Clutches in 
vegetation 
Groups of eggs (i.e. hundreds of eggs in one clutch) found in 
vegetation 
 Clutches, terrestrial Groups of eggs (i.e. hundreds of eggs in one clutch) can be 
aquatic but in some cases, in response to drying-up events, 
these clutches can be terrestrial or endophytic 
 Isolated eggs, 
cemented 
Single eggs and cemented in sediments 
 Isolated eggs, free Single eggs and not cemented 
 Oviviparity Embryos develop inside eggs and remain in the body until the 
eggs are hatched 
Respiration Gills Respiration through tracheal gills (e.g. ETP taxa) or ‘blood’ gills 
(snails, crustaceans, some worms). 
 Hydrostatic vesicle Respiration using air within a small blister. Tiny air bubble is 
trapped inside the body. 
 Plastron A structure made up from projections of the cuticle that form a 
felt-like coat in which gaseous air is stocked. When oxygen is 
consumed by the organism, fresh oxygen enters the air layer 
from the surrounding water, allowing the organism to dive for 
an indefinite amount of time. 
 Spiracle Air enters through a series of external openings (spiracles). 
These external openings act as muscular valves in some 
insects. These insects breathe directly at the surface through a 
siphon (stigma on an elongated tube that is held against the 
surface) and this is also applicable to animals (e.g. some 
beetles and bugs) which carry around an air-bubble from 
which they breathe through their stigmata. After a while, the 
oxygen is depleted. Subsequently, the animal has to release 
the bubble and go to the surface to refresh it. Diving time is 
limited for these animals. 
 Tegument Direct uptake of oxygen through the teguments (skin) 
Maximal 
potential size 
Size1 ≤ 0.25 cm 
 Size2 > 0.25-0.5 cm 
 Size3 > 0.5-1 cm 
 Size4 > 1-2 cm 
 Size5 > 2-4 cm 
 Size6 > 4-8 cm 
 Size7 > 8 cm 
3.3.2 Estimation of trait abundance 
As some taxa can have more than one trait modality (category/class), four different 
methodologies (Table 3.4) were used for estimating trait abundance for a specified taxon. 
These are the even-distributed, weighted, dominant and all trait abundance estimation 
methods. In ‘even-distributed’ trait abundance estimation (TAE), the abundance of Baetidae, 
for example, was equally distributed over the 2 modalities. In ‘weighted’ TAE, the 





abundance of Baetidae was proportionally distributed over the two modalities, with weights 
based on the fuzzy coding of the modalities. In ‘dominant’ TAE, all counts of the taxon were 
allocated to the modality with the highest fuzzy coding and no counts to the other 
modalities. In case there are two modalities with the same numeric coding and is the 
highest, then both were considered and the counts of the taxa were equally divided 
between the modalities. Finally, in an ‘all’ TAE, all counts of the taxon were assigned to all 
modalities. An example is given in Table 3.3 for Baetidae with a total count of 3,845 and is 
fuzzy coded 3 for scraper and 1 for deposit feeder. For a few taxa with traits not fuzzy 
coded, an equal coding was assigned to different trait modalities if the taxon possesses 
more than one trait modality.  
 
Table 3.4. Different methods for estimating trait abundance based on the total count of 
Baetidae (3,845). Baetidae feeding strategies are scraper and deposit feeder with fuzzy 
coding of three and one, respectively.  
Trait abundance estimation 
methods  
Feeding habit 
Deposit feeder Scraper 
Even-distributed 1923 1923 
Weighted  961 2884 
Dominant 0 3845 
All 3845 3845 
These varying trait abundance estimation methods represent different ecological 
assumptions. The ‘even-distributed’ TAE assumes that the taxa are exchangeably using 
these trait modalities; ‘weighted’ TAE represents a taxon is using the given modalities but 
with preference for the traits with highest numeric fuzzy coding (highest affinity or 
preference, cf. Appendix Table 3.3) and less preference for the traits with lower trait 
modalities; ‘dominant’ assumes that a taxon is mainly using the most preferred trait 
modality; ‘all’ allocations represent the maximum potential traits of a taxon wherein the 
taxon is simultaneously using all these trait modalities.  
3.4 Data exploration and trend analysis 
3.4.1 Macroinvertebrate taxa 
A total of 19,000 individuals of 83 families, 26,110 of 83 families, and 32,579 of 56 families 
were collected in Ecuador, the Philippines and Uganda, respectively. 37 families were 
common among the three countries, 17, 7 and 4 were common between Ecuador and the 
Philippines, the Philippines and Uganda and Ecuador and Uganda, respectively. There were 
24, 21 and 7 families unique in Ecuador, the Philippines and Uganda, respectively (Fig. 3.4; 
Appendix Table 3.3).  






Fig. 3.4. Macroinvertebrate families encountered in the three countries. 
3.4.2 Physical-chemical data 
Fig. 3.5 and Table 3.5 present the physical-chemical measurements of the pre-processed 
data. The site locations in Uganda had relatively high elevation. Furthermore,  flow velocity, 
chemical oxygen demand (COD), dissolved oxygen (DO), chlorophyll, total N and nitrate-N 
concentrations were relatively high but the specific conductivity was relatively low at rivers 
in Uganda. The waters in the Philippines had a relatively high temperature but had very low 
COD concentrations.  
 





Table 3.5. Physical-chemical measurements after data pre-processing. For each region, the mean, median, standard deviation (stdev), 
minimum (min) and maximum (max) of each variable are presented.  
Quantitative variables 
Ecuador Philippines Uganda 
mean median stdev min max mean median stdev min max mean median stdev min max 
Elevation (m a.s.l.) 166.4 85.5 222.6 2.0 1075 68.5 34.0 127.5 5.1 777.6 1157 1145 148 934 1434 
Velocity (m/s) 0.33 0.3 0.29 0.0 1.50 0.51 0.45 0.31 0.02 1.41 0.85 0.84 0.30 0.08 1.45 
Temperature (oC) 25.1 25.0 2.6 19.0 34.0 29.3 29.6 2.6 21.8 34.1 21.8 21.6 2.7 17.6 28.5 
Specific conductivity (µS/cm) 215.4 142.0 166 67.0 755.7 232.9 191.8 151.8 34.3 657.0 139 90 151.4 51 874 
pH 7.8 7.8 0.52 6.6 8.9 7.77 7.89 0.57 5.97 8.75 7.7 7.7 0.33 6.7 8.4 
Dissolved oxygen (mg/L) 7.5 7.9 1.82 2.0 11.9 7.60 7.79 1.20 3.28 12.31 9.09 9.07 0.70 7.5 11.8 
Dissolved oxygen saturation 
(%) 
90.8 93.6 22.5 23.6 159.2 98.9 100 15.9 43.7 174.4 102.6 102.4 4.7 89.1 116.0 
Chlorophyll (µg/L) 3.8 2.4 7.4 0.7 60.0 2.2 1.3 3.4 0.00 21.0 8.1 7.1 4.7 0.4 19.7 
Turbidity (NTU) 4.2 1.7 6.2 0.0 34.7 3.1 0.9 5.8 0.00 34.0 6.7 3.6 10.6 0.3 64.0 
Chemical oxygen demand 
(mg/L) 
16.8 12.4 16.3 5.0* 117.6 5.9 5.0 4.4 5.0* 43.4 23.9 25.4 9.1 5.7 48.1 
Biological oxygen demand-
5days (mg/L) 
     1.0 0.8 0.81 0.5* 6.4 5.4 5.7 1.7 1.2 7.9 
Nitrate-N (mg/L) 0.41 0.25 0.34 0.23* 2.0 0.3 0.2 0.17 0.2* 1.1 0.53 0.49 0.20 0.19 1.17 
Nitrite-N (mg/L) 0.016 0.015 0.008 0.015* 0.08 0.002 0.002 0.003 0.002* 0.03 0.008 0.003 0.01 0.002* 0.07 
Ammonium-N (mg/L) 0.15 0.06 0.30 0.015* 1.89 0.06 0.04 0.05 0.01* 0.39 0.017 0.23 0.05 0.07 0.06 
Total N (mg/L) 1.03 1.0 0.16 1.0* 2.18 1.0 1.0 0.03 1.0* 1.25 1.7 1.5 0.64 1.0* 4.2 
Orthophosphate-P (mg/L)      0.06 0.06 0.06 0.01* 0.31 0.10 0.06 0.10 0.01* 0.52 
Total P (mg/L) 0.5 0.5 0.04 0.5* 0.82 0.09 0.08 0.06 0.01* 0.39 0.13 0.09 0.11 0.01* 0.51 
Total organic carbon  (mg/L)           8.07 6.6 3.97 2.4 27.0 
Chloride (mg/L) 5.0 2.7 7.3 0.53 55.8      0.3 0.07 0.60 0.02 3.4 
Mean depth (m) 0.44 0.40 0.25 0.03 1.0 0.16 0.15 21.6 0.04 0.45 0.4 0.25 0.30 0.05 2.0 
Mean width (m) 17.27 10.5 18.1 1.50 110.0 13.4 8.10 20.8 1.13 100 3.5 3.0 2.8 0.2 15.0 
Maximum depth (m) 0.62 0.50 0.32 0.20 1.50 0.37 0.34 15.7 0.10 1.0 0.56 0.50 0.39 0.05 2.0 
Floodplain width (m) 32.9 25.0 26.7 4.0 150.0 22.6 13.9 0.07 2.39 100 8.4 5.0 6.2 0.30 30.0 
Floodprone width (m) 27.2 20.0 25.0 4.0 146.0 20.2 11.7 0.21 0.32 95 5.7 4.0 5.0 0.25 30.0 
*Records are below the detection limit. Values are expressed as the detection limits of the kits.  









Fig. 3.5. Boxplots of physical-chemical measurements after data pre-processing. Bold 
horizontal lines represent the median, boxes represent the interquartile ranges (25-75% 
percentiles for lower to upper) and the upper and lower whiskers (vertical lines outside the 
box) represent values outside the middle 50%, the circular dots represent the observations 
more or lesser than 3/2 times of the upper and lower quartile, respectively.   
3.4.3 Hydromorphological data 
The hydromorphological variables and site descriptions are presented in Table 3.6. Forty-
one and 36 percent of the sites in Ecuador and the Philippines, respectively were forest 
areas while more than half of the sites in Uganda were shrublands. Most of the sites did not 
have macrophytes and the majority of the river reaches were partly shaded of 33-90% 
stretch. The majority of the sites had an absence of sludge layer. Furthermore, the sites in 
Ecuador had mostly an absence of erosion while both the sites in the Philippines and 





Uganda had mostly minimal erosion. Most of the sites had U-shaped valleyform. Lastly, the 
rivers in Ecuador were dominantly absent of pool-riffle patterns while both the rivers in the 
Philippines and Uganda were dominantly poorly-developed pool-riffle patterns.  
Table 3.6. Counts of each class of hydromorphological variables after data pre-processing. 
Qualitative variables  Counts 
Ecuador Philippines Uganda 
Main land use    
Forest 33 29 14 
Arable 28 11 11 
Residential 14 25 2 
Orchard 5 8 1 
Shrubs 0 7 37 
Shading    
No shading 22 0 1 
Partly shaded, limited stretch <33%  18 40 33 
Partly shaded, longer stretch 33-90% 10 32 19 
Partly shaded, whole stretch >90% 13 6 7 
Completely shaded, limited stretch >33% 0 2 2 
Completely shaded, longer stretch 33-90% 12 0 3 
Completely shaded, whole stretch >90% 6 0 0 
Macrophytes    
Absent 50 67 39 
Submerged macrophytes 4 3 0 
Emerged macrophytes 2 5 23 
Floating macrophytes 24 5 3 
Valley form    
Canyon 0 0 3 
V-shaped valley 0 2 0 
Trough 10 2 9 
Meander valley 12 27 18 
U-shaped valley 31 51 27 
Plain floodplain 27 0 8 
Channel form    
Meandering 4 7 12 
Braided 1 0 0 
Anabranching 2 7 8 
Sinuate 30 31 29 
Constrained (natural) 40 34 16 
Constrained (artificial) 3 1 0 
Variation in width    
1. No variation 43 1 15 
2. Limited variation 16 21 30 
3. Moderate variation 10 22 5 
4. High variation 9 31 13 
5. Very high variation 2 5 2 





Qualitative variables  Counts 
Ecuador Philippines Uganda 
Bank erosion    
Absent 58 36 24 
Limited 16 43 33 
Abundant 6 1 8 
Bank profile    
Vertical 18 3 22 
Steep 26 34 21 
Gradually not trampled 28 40 13 
Composite not trampled 4 3 9 
Variation in flow    
Absent 41 8 20 
At human construction 2 1 16 
Low 9 52 25 
Moderate 14 17 4 
High 0 2 0 
Sludge layer    
Absent 36 67 48 
<5cm 27 7 15 
5 – 20 cm 9 5 1 
>20 cm 8 1 0 
Twigs     
Absent 53 15 31 
Limited 21 62 30 
Abundant 6 3 4 
Branch     
Absent 34 51 47 
Limited 37 28 16 
Abundant 9 1 2 
Logs     
Absent 37 75 52 
Limited 36 5 12 
Abundant 7 0 1 
Bed substrate    
Boulder 14 4 9 
Cobble 15 29 27 
Gravel 18 22 15 
Sand 14 12 6 
Silt and clay 19 13 8 
Bank shape    
Concave 22 47 5 
Convex 15 12 11 
Stepped 25 3 21 
Wide lower bench 17 17 26 
Undercut 1 1 2 
    





Qualitative variables  Counts 
Ecuador Philippines Uganda 
Bank slope    
80-900 11 3 13 
60-80o 28 22 18 
30-600 30 39 23 
10-300 9 16 8 
<100 2 0 3 
Bed Compaction    
Tightly packed 6 0 5 
Packed, unarmoured 10 10 9 
Moderate compaction 24 18 26 
Low compaction (1) 9 21 25 
Low compaction (2) 30 31 0 
Sediment matrix    
Bedrock 11 0 0 
Open framework 17 10 24 
Matrix filled contact 10 16 24 
Framework dilated 13 37 10 
Matrix dominated 29 17 7 
Sediment Angularity    
Very angular 0 0 0 
Angular 0 0 2 
Sub-angular 7 1 8 
Rounded 29 52 26 
Well-rounded 29 24 27 
Cobble, pebble, gravel not present 15 3 2 
Pool/Riffle class    
 Class 1 1 0 0 
 Class 2 42 17 14 
 Class 3 23 40 50 
 Class 4 3 23 1 
 Class 5 8 0 0 
 Class 6 3 0 0 
 
3.5 Methods for analysing trait abundance 
This study mainly aims to determine how the abundance of a trait modality evolves along a 
gradient of an environmental variable. Thus, regression methods are appropriate techniques 
for realizing this goal. In conventional regression terminology, the abundance is referred to 
as the response or dependent variable, which is denoted by Y, and the environmental 
variable is referred to as the exploratory or independent variable, or the regressor, which is 
denoted by X. Regression models allow for modelling the mean response as a function of 
the regressor. Mathematically this is denoted by E(Y|X), which stresses that it is the 





conditional mean of the response, given the regressor X, i.e. the mean is a function of the 
regressor. Linear regression models are represented as 
𝐸(𝑌|𝑋) = 𝛼 +  𝛽𝑋     Equation 3.1 
where α and β are parameters, referred to as the intercept and the regression coefficient, 
respectively. Particularly the regression coefficient is an informative parameter, as it 
quantifies how strongly the regressor affects the mean response. Many research questions 
can be translated into testing the statistical null hypothesis that β equals zero against the 
alternative hypothesis that β is not equal to zero. Statistical hypothesis tests often require 
additional distributional assumptions. For the linear regression model, normality of the 
response variable, given the regressor, is often assumed. This is denoted by 
𝑌|𝑋  ̴ 𝑁(𝐸(𝑌|𝑋), 𝜎2)     Equation 3.2 
Hence, for each X, the response is assumed to be normally distributed with mean equal to 
the conditional mean E(Y|X) which was specified as a linear function of the regressor, and 
with variance σ2, which does not depend on the regressor. Given a dataset, the parameters 
can be estimated by means of, for example, least squares or maximum likelihood, and 
confidence intervals on the parameters and statistical tests related to the parameters, can 
be performed. The linear statistical model is often written in the following form (Equation 
3.3). Considering a sample of n independently sampled observations, denoted by (X1,Y1), …, 
(Xn,Yn), the linear regression model can then be written as 
𝑌𝑖 = 𝛼 +  𝛽𝑋𝑖 +  𝜀𝑖, 𝑖 = 1, … , 𝑛    Equation 3.3 
where εi  ̴ N(0,σ
2). When more than one regressor is available, e.g. X1, X2, …, Xp, then the 
linear model becomes 
𝐸(𝑌|𝑋1, … , 𝑋𝑝) = 𝛼 +  𝛽1𝑋1+. . . + 𝛽𝑝𝑋𝑝     Equation 3.4 
The linear regression model, however, is very restrictive in the sense that (1) normality of 
the response variable is assumed, (2) linearity of regression relation is assumed, and (3) 
independence of the n sample observations is assumed. A few extensions are discussed in 
the next paragraphs. 
Additive models (Hastie & Tibshirani, 1990) replace the terms βjXj with terms fj(Xj) (j=1,…,p), 
with fj(Xj) is an arbitrary, but smooth function of the regressor Xi. The additive model can be 
represented as 
𝐸(𝑌|𝑋) =  𝛼 + 𝑓1(𝑋1)+ . . . +𝑓𝑝(𝑋𝑝)    Equation 3.5 
The functions fj(Xj) can be estimated nonparametrically by means of a backfitting algorithm. 
The model is additive in the sense that the effects of the p regressors are additive. 





3.5.1 Modelling count data 
A second extension of the linear model exists in replacing the normality assumption with 
another distributional assumption that may be more appropriate for the response variable 
under study. This extension goes together with the introduction of a link function which 
relates the conditional mean to a linear function of the regressor. All together this model 
can be specified as 
𝑌|𝑋 ~ 𝐹   Equation 3.6 
𝑔(𝐸(𝑌|𝑋)) = 𝛼 +  𝛽𝑋    Equation 3.7 
where F denotes an arbitrary distribution for which the conditional mean E(Y|X) relates to 
𝛼 +  𝛽𝑋 through the link function g, which is restricted to be a monotonically increasing 
function. The model defined by Equations 3.6 and 3.7, is known as a generalized linear 
model (GLM). The normal linear model as defined by Equations 3.1 and 3.2, is a GLM with F 
being a normal distribution with constant variance, and with the link function g being the 
identity function, i.e. g(z) = z. GLMs are very convenient for modelling count data, such as 
abundances. For example, counts can often be described by a Poisson distribution. Poisson 
regression models arise with F being the Poisson distribution and with the link function 
being a log-transformation, i.e. g(z) = log(z). Note that the log link function assures that 
mean count E(Y|X) = exp(α + βX) is positive, whatever the values for α, β and X. Other 
examples of GLMs for count data arise with F representing the zero-inflated Poisson (ZIP 
distribution or the negative binomial distribution; see Table 3.7 for more examples). The 
trait abundances in this study mostly do not have excess zeroes. Therefore, the most 
probable regression model candidates are Poisson, quasi-Poisson and negative binomial 
regressions. As overdispersion is known to happen often in biological count processes 
(Bowlby & Gibson, 2015; Harrison, 2015; Fernandez & Pledger, 2016; Sim & Ong, 2016), 
thus, either a quasi-Poisson or negative binomial regressions can be applied (Hoef & 
Boveng, 2007).  
The GLM and additive model constructions can be combined, by replacing the linear model 
in Equation 3.7 with the additive model structure as in Equation 3.5. The resulting class of 
models is known as the class of generalized additive models (GAM).  
Table 3.7. GLMs to model count data (after Zuur et al. (2010)). Instead of GLM, a GAM can 
also be implemented.  
Regression models Application 
1. Poisson The response variable is Poisson distributed.  
2. quasi-Poisson When there is overdispersion (variance is larger than the 
mean), a quasi-Poisson is more suitable. 
3. Negative Binomial The response variable is negative binomial distributed. Can be 
used when there is overdispersion. 
4. Zero-truncated Poisson 
(ZTP) 
The response variable cannot obtain a value of zero. 





Regression models Application 
5. Zero-truncated Negative 
binomial (ZTNB) 
The response variable cannot obtain a value of zero and there 
is an overdispersion. 
6. Zero-inflated Poisson (ZIP) When the response variable has too many zeroes, the excess 
zeroes (false zero counts) is modelled separately with the 
count data. A binomial model is used to model the probability 
that a false zero is observed. The count data is modelled by 
Poisson GLM. Subsequently, the two models are combined 
into one model. 
7. Zero-inflated Negative 
Binomial (ZINB) 
When the response variable has too many zeroes and there is 
overdispersion, the excess zeroes (false zero counts) is 
modelled separately with the count data. A binomial model is 
used to model the probability that a false zero is observed. 
The count data is modelled by negative binomial GLM. 
Subsequently, the two models are combined into one model. 
8. Zero-altered Poisson 
(ZAP)  
When the response variable has too many zeros, the excess 
zeroes (false zero & true zeroes) is modelled separately with 
the non-zero counts. A binomial model is used to model the 
probability that a zero value is observed. A ZTP is used to 
model the non-zero observations. Subsequently, the two 
models are combined into one model. 
9. Zero-altered Negative 
Binomial (ZANB) 
When the response variable has too many zeros and there is 
overdispersion, the excess zeroes (false zero & true zeroes) is 
modelled separately with an overdispersed non-zero counts. 
A binomial model is used to model the probability that a zero 
value is observed. A ZTNB is used to model the non-zero 
observations. Subsequently, the two models are combined 
into one model. 
 
3.5.2 Mixed effect models 
A final extension that will be discussed in this sub-section, allows for dependence between 
the n sample observations. Linear Mixed Models (LMM) are constructed by replacing 
Equation 3.3 with  
𝑌𝑖 = 𝛼 +  𝛽𝑋𝑖 + 𝑏𝑍𝑖 +  𝜀𝑖, 𝑖 = 1, … , 𝑛     Equation 3.8 
where Zi is an independent variable or regressor (possibly equal to Xi) and b is random 
effects vector, with 𝑏  ̴ 𝑁(0, 𝐷)      
where D is the covariance matrix of b. The random effects are assumed to be independently 
distributed from the error terms εi. As a consequence of the LMM, if two observations share 
a random effect (i.e. a component of the vector b), their covariance equals the variance of 
that random effect (i.e. the corresponding diagonal element of D). In a LMM the term 𝛽𝑋𝑖 is 
now referred to as the fixed effect of the regressor.  





The mixed effect models are often applied to model nested data, also referred to as 
hierarchical or multilevel data. An example in Zuur et al. (2009) is presented, illustrating a 
nested data structure (Fig. 3.6). Random effects can be for instance implemented in only the 
intercept, or in both the intercept and the slope namely the random intercept model and 
random intercept slope model, respectively. A hypothetical illustration of the random 
intercept and random intercept slope models is presented in Fig. 3.7. The random effects 
term bZi can also be included in GLMs and GAMs to allow for a correlation between 
observations and for nested data structures, resulting in the generalized linear mixed 
models (GLMM) and generalised additive mixed models (GAMM), respectively. 
Nevertheless, both GLMM and GAMM are on the frontier of statistical research and rarely 
used in ecological studies (Zuur et al., 2009; Devore et al., 2016). They are, however, 
successfully implemented in medical, public health, psychiatric and social studies (Nakagawa 
& Schielzeth, 2013; Puskas et al., 2017; Zhang & Wu, 2017).  
 
Fig. 3.6. Set up of RIKZ data (after Zuur et al. (2009)). Measurements were taken on 9 
beaches, and on each beach, 5 sites were sampled. Response values at sites on the same 
beach are likely to be more similar to each other than the values from different beaches.  






Fig. 3.7. Hypothetical illustration of a) random intercept model and b) random intercept 
slope model. The thick line represents the average over all countries, and the individual thin 
lines correspond to the country-specific regression lines. 





Chapter 4. Model-based analysis of the relationship between environmental river 
conditions and macroinvertebrate traits: development of an analysis toolbox based 
on a case-study in the Philippines 
adapted from: 
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Thas (under review). Model-based analysis of the relationship between environmental river 
conditions and macroinvertebrate traits: development of an analysis toolbox based on a 



















The important thing in science is not so much to obtain new facts  
as to discover new ways of thinking about them. 
 -William Lawrence Bragg- 






This chapter aims to relate biological traits to environmental river characteristics and 
develops the methodological procedure for analysing trait abundance. Aquatic 
macroinvertebrates, 18 physical-chemical water characteristics and 30 hydromorphological 
variables were assessed at 80 locations on Leyte island, the Philippines. Biological traits 
derived from the literature were related to river characteristics using negative binomial 
regression to improve mechanistic understanding. Four methodologies were applied to 
estimate trait abundance. At least five feeding habit modalities were associated with 
conductivity, velocity, pH, temperature, ammonium-N concentrations and sediment. The 
various methods for estimating trait abundance differ in determined major patterns and 
ecological implications. Therefore, the estimation method used should be explicitly 
described in trait-related papers to avoid misinterpretation. Trait abundance-environment 
relationships can be linear or non-linear and therefore a careful selection of the functional 
relationship should be performed. The process of extracting knowledge from data is of 
paramount importance as relevant ecological insights were extracted providing insights on 
flow, wastewater and nutrient management in the rivers. 
  





4.1 Introduction  
Biodiversity based on functional groups of organisms defined according to ecosystem 
processes is substantial to better understand ecosystem functioning (Walker, 1992). Some 
ecosystems may have multiple species that carry out similar functional roles, hence, they 
are insensitive to species loss (Hooper et al., 2005). Functional groups with little or no 
redundancy are therefore priorities for conservation effort (Walker, 1992). As an example, 
the Yellowstone National Park in the USA was restored through the reintroduction of a 
predator (grey wolves). This resulted in the re-establishment of a trophic cascade, wherein 
elk population reduced and subsequently caused the regrowth of riparian vegetation and 
woody plants (Ripple et al., 2015; Beschta et al., 2016; Beschta & Ripple, 2016). In agro-
ecosystems, enhancing functional biodiversity in crop fields leads to sustainable yields, 
energy conservation and less dependence on external inputs (Altieri, 1999). Thus, in order 
to provide a viable long-term basis for ecosystem conservation, adoption of management 
for biodiversity conservation particularly with the focus on ecosystem functioning and 
resilience is necessary (Dudgeon et al., 2006).  
The traits (characteristics) of an organism (e.g. body size, feeding strategy, locomotion, ...) 
are connected to ecosystem functions (Doledec & Statzner, 2010) and strongly influence 
ecosystem properties (Hooper et al., 2005). As organisms’ traits, such as feeding strategy 
and habit requirements, are strongly affected by the habitat template (Heino, 2005), 
relating these traits to habitat and environmental characteristics can provide significant 
insights into the structure and functioning of biological communities (Usseglio-Polatera et 
al., 2000c). Moreover, the analysis of biological traits provides a better understanding of the 
mechanism of the organisms’ responses (Bolam et al., 2016). Over the past two decades, 
the number of studies related to aquatic macroinvertebrate traits has been increasingly 
growing. Most studies focus on the relationship between environmental conditions (natural 
and disturbed) and the traits of these organisms. They have also been successfully applied 
to assess aquatic ecosystems. However, in-depth investigations and documentation on data 
processing and modelling of aquatic macroinvertebrate traits are lacking.  
Recently, various macroinvertebrate trait databases have been developed (Statzner et al., 
2007; Schmidt-Kloiber & Hering, 2015). However, the use of these databases has limitations 
and challenges (Violle et al., 2015). In particular, it is hampered by missing data of some taxa 
(Violle et al., 2015), scattered information among databases (Poschlod et al., 2003), varying 
trait coding and differences in trait modalities (classes/categories) among databases 
(Usseglio-Polatera et al., 2000c) and few databases available for taxa found in the tropics. 
Thus, appropriate measures should be taken when using these databases. In a number of 
studies, traits have been allocated to each taxon from these databases, but the estimation 
of trait abundance has not been thoroughly investigated yet.  
Various modelling techniques have been used for modelling and analysing 
macroinvertebrate traits. The chosen approach is usually driven by the purpose of the study, 





the nature of the data and the acceptability to the end-user of the model (Mouton et al., 
2009; Forio et al., 2017b). Mondy et al. (2016) applied calibrated boosted regression tree 
models to predict community tolerance using multiple biological traits with their individual 
responses to specific stressors. Statistical models such as logistic regression (Richards et al., 
1997), zero-inflated Poisson regression (Boets et al., 2013) and various multivariate analysis 
methods (Bremner et al., 2006; Feld & Hering, 2007) were used to relate environmental 
conditions and macroinvertebrate traits. These relationships can be linear, non-linear or 
skewed unimodal. However, these assumptions are uncritically considered in numerous 
statistical procedures (Austin, 2002).  
This chapter aims to determine how the abundances of macroinvertebrate traits evolve 
across the gradient of an environmental variable on a tropical island. Furthermore, the 
effect of the different methods for estimating trait abundances on the trait-environment 
relations is investigated. Thus, a case study on the Leyte island, the Philippines is presented. 
Negative binomial regressions were applied to model the abundance of each feeding 
strategy (modalities/categories) of aquatic macroinvertebrate as a function of each 
environmental condition (physical, chemical and hydromorphological variables). The 
discovered ecological insights are then translated into environmental management. This 
chapter highlights the effect of different data processing methodologies on estimating trait 
abundance. Furthermore, the functional relationship (i.e. linear, non-linear) of trait 
abundance-environment relationship is critically considered, as well as the practical aspects 
related to decision making in water management.  An overall overview of this chapter is 
presented in Fig. 4.1.  
 
Fig. 4.1. Overall schematic diagram of the method implemented in this chapter (adapted 
from O'Neil and Schutt (2014)). 





4.2 Data analysis 
This chapter relates the trait abundance as a function of environmental variables in which 
the Philippine data were analysed. Data transformation prior to modelling is commonly 
performed in most trait-based analysis (Heino et al., 2013; Monaghan & Soares, 2014). 
However, a methodology that avoids the transformation of both abundance and 
environmental variables is presented allowing a straightforward interpretation of results. 
Furthermore, various environmental data types (i.e. numeric, ordinal and nominal) were 
taken into account during the modelling procedure. Lastly, the joint effect of two 
environmental variables was explored, typically not considered in other trait-based studies.  
4.2.1 General modelling approach 
To relate the abundance of each trait modality in response to each environmental variable, 
negative binomial regression models (NBM) were fitted. In particular, the model assumes 
that for a given environmental condition, the abundance can be described by a negative 
binomial distribution (cf. Section 3.5). Similar to Poisson regression, the conditional mean of 
the negative binomial distribution is related to the environmental variables through a log-
link function; the logarithm of the mean abundance can e.g. be modelled as a linear or 
quadratic function of one or more environmental variables. Whereas the Poisson 
distribution implies that the variance of the abundance equals the mean, say µ, the negative 
binomial distribution allows for overdispersion, i.e. the conditional variance equals µ + µ2/k, 
where k is an overdispersion parameter. All parameters in the NBM were estimated by 
means of maximum likelihood (Zuur et al., 2009).  
All models fits were performed after centering the continuous environmental variables (i.e. 
subtracting the mean), because this procedure reduces the strength of the collinearity 
between the terms in the statistical model, and hence reducing the variance inflation effect. 
Backward elimination was applied as a model selection procedure to determine whether a 
linear or quadratic relation exists between counts of a trait modality and a continuous 
environmental variable, i.e. first the model with a linear and quadratic effect was fitted; if 
the quadratic effect was not significant at the 5% level of significance, the term was 
removed from the model, and the linear term was tested, again at the 5% level of 
significance. The procedure was repeated for each numerical environmental variable. 
Ordinal environmental variables entered the model as ordinal factor variables with 
orthogonal contrasts resulting in linear, quadratic, cubic, … effect parameters (degree of 
polynomial is one less than the number of levels of the ordinal factor). This again allows for 
a backward elimination procedure as described before (no need for centering here). For 
nominal environmental variables, no model selection was performed.  
Model assumptions were assessed by plotting the deviance residuals against fitted values to 
assess homogeneity and correctness of the model. All statistical tests were performed at the 
5% level of significance. All analyses were performed with the R software (R Core Team, 





2016) and negative binomial regression was performed with the MASS R-package (Venables 
& Ripley, 2002).  
4.2.2 Modelling trait abundances estimated by each TAE methods 
For each trait abundance estimation (TAE) method (cf. Table 3.3, Section 3.3.2; namely 
even-distributed, weighted, dominant and all TAE), each trait modality of feeding strategy 
was modelled as a function of velocity, temperature and stream width (represent physical 
river conditions), conductivity (represents general pollution), BOD5 (represents organic 
pollution) and chlorophyll, nitrate-N and total P (represent nutrient pollution) to determine 
how the abundance of each trait modality evolved. The NBM results for a number of 
selected trait modalities were visualized as the estimated mean abundance of the trait 
modality under study as a function of the selected variables. For a selected trait modality 
(scraper), the abundance ratio for each pair of TAE methods was plotted as a function of 
selected environmental variables for studying differences between TAE methods with 
respect to the relationships between the mean abundances and environmental variables.   
4.2.3 Modelling trait abundances as a function of two environmental variables  
To gain insight into the joint effect of two environmental variables on the trait abundance, 
NBM were fitted for each pair of environmental variables. Again a backward elimination 
model building strategy was employed, starting with testing for the presence of the 
interaction effect. A significant interaction indicates that the effect of one environmental 
variable depends on the value of the other environmental variables, and vice versa. To avoid 
information overload, only the trait abundance based on weighted TAE method of each trait 
modality was considered. 
4.2.4 Model visualization 
To visualize the model, the results of the NBM per trait modality were visualized as the 
estimated mean abundance of the selected trait modality as a function of selected 
environmental variables. Furthermore, to visualize the fractions of each trait modality 
across a gradient of an environmental variable, the mean percentages of each trait modality 
were plotted using a bar graph as a function of the environmental variables that were 
significantly associated with five or more trait modalities.   
4.3 Results 
4.3.1 Trait abundance estimation (TAE) methods 
The mean abundances based on each trait allocation evolved either linearly or quadratically 
with certain environmental variables (Appendix Table 4.1). In general, the mean abundances 
of most feeding strategies increased with increasing velocity (Appendix Fig. 4.1). Specifically, 
the abundance of filter feeders and piercers were linearly related to velocity, while the 
abundance of scraper was quadratically related with velocity wherein the count of scrapers 
gradually increased from 0 to 0.75 m/s velocity, then, exponentially increased after a 





velocity of 0.75 m/s. The abundances of most feeding strategies were significantly related to 
conductivity. Except for the abundance of deposit feeders and piercers, the abundance of 
each trait modality was generally increasing until about 200 µS/cm and was subsequently 
decreasing from about 400 µS/cm (Appendix Fig. 4.2.). Furthermore, the mean abundance 
of the piercers, predators and scrapers was decreasing with increasing chlorophyll 
concentration (Fig. 4.2). The mean abundance of deposit feeders increased with increasing 
BOD5 and average stream width (Fig. 4.3). The abundance of filter feeders and deposit 
feeders peaked at 0.6 mg/L nitrate-N (Appendix Fig. 4.3).  
   
Fig. 4.2. Estimated mean abundance of a) piercers, b) predators, c) scrapers in relation to 
chlorophyll concentration of ‘even-distributed’ TAE (black), ´weighted’ TAE (green), 
‘dominant’ TAE (red), ‘all’ TAE (purple) methods. Only the significant relations are plotted.     
 
  
Fig. 4.3. Estimated mean abundance of deposit feeders in relation to BOD5 and average 
stream width of ‘even-distributed’ TAE (black), ´weighted’ TAE (green), ‘dominant’ TAE (red), 
‘all’ TAE (purple). Only the significant relations are plotted.    
4.3.2 Abundance ratio between trait allocations   
Fig. 4.4 presents the evolution of mean abundance ratios between the TAE methods along a 
gradient of an environmental variable. A ratio of one indicates that the mean abundance 
between two TAE methods is equal. A ratio higher than one suggests that the mean 
abundance of the numerator TAE method is higher than the denominator TAE method. A 
ratio lower than one, therefore, denotes the opposite. In general, the mean abundance ratio 
between TAE methods evolves linearly or quadratically along chlorophyll concentration, 
conductivity and velocity gradients. Only the mean abundance ratio of even-distributed and 









































all TAE methods was flat along the chlorophyll concentration gradient, which suggests that 
this abundance ratio does not change with the chlorophyll concentration.            
   
Fig. 4.4. Estimated mean abundance ratio of scraper between ‘even-distributed’ and 
‘dominant’ TAE (red), ‘weighted’ and ‘dominant’ (pink), ‘weighted’ and ‘even-distributed’ 
(purple), ‘weighted’ and ‘all’ (blue), ‘even-distributed’ and ‘all’ (orange), ‘dominant’ and ‘all’ 
(green) TAE methods in relation to chlorophyll concentration, conductivity and velocity.  
4.3.3 Mean trait abundance in relation to environmental variables  
The associations of mean trait abundances with the environmental variables are presented 
in Appendix Table 4.2. At least five feeding strategies were associated with conductivity, 
velocity, pH, water temperature, ammonium-N, mineral substrate (bed substrate) and 
sediment matrix. Filter feeders, piercers and scrapers were negatively associated with 
elevation, while filter feeders and predators were positively related with dissolved oxygen. 
Turbidity was negatively related to filter feeders, piercers, predators and scrapers. 
Moreover, filter feeders, piercers and predators decreased with increasing COD. Deposit 
feeders and filter feeders linearly increased with increasing stream width and decreased 
with increasing stream depth.  
The different feeding strategies were associated with the hydromorphological variables. For 
instance, deposit feeders were linearly associated with shading, variation in width, sludge 
layer and twigs; quadratically associated with mineral substrate, sediment angularity and 
riffle class; cubically associated with sediment matrix. Scrapers were related to land use, 
shading, presence of macrophytes, channel form, variation in width, sludge layer, presence 
of twigs, mineral substrate, bank slope, bed compaction, sediment matrix, presence of 
macroalgae and quarrying.     
Fig. 4.5 presents the visualization of models with two environmental variables. With 
increasing velocity and conductivity, the deposit feeders increased in abundance (Fig. 4.5a). 
The mean abundance of filter feeders and scrapers was quadratically related to conductivity 
and increased with increasing velocity (Fig. 4.5b; Appendix Table 4.3). For the model 
developed of filter feeders, a significant interaction was observed between the quadratic 
conductivity and velocity (Appendix Table 4.4).  









Fig. 4.5. Estimated mean abundance of a) deposit feeders, b) filter feeders, c) scrapers, d) 
shredders, e) predators and f) filter feeders in relation to conductivity & velocity, mean 
depth & velocity, chlorophyll concentration & velocity and nitrate concentration & turbidity. 
The trait abundances were allocated based on the weighted TAE method.     
This suggests that the effect of the conductivity varies with velocity, specifically, at lower 
conductivities (<400 µS/cm), the trait abundance increased with increasing velocity but at 
higher conductivities (>400 µS/cm), the trait abundance decreased with increasing velocity. 





The number of shredders decreased with stream depth and increased with increasing 
velocity (Fig. 4.5d). The abundance of predators decreased with increasing chlorophyll 
concentration and increased with increasing velocity (Fig. 4.5e). The abundance of filter 
feeders decreased with increasing turbidity and was quadratically associated with nitrate-N 
concentration. 
4.3.4 Percentages of each trait modality 
The fraction of each feeding strategy generally evolved along the gradient of an 
environmental variable (Fig. 4.6). The percentage of scrapers increased as temperature 
increased while the percentage of predators and shredders decreased (Fig. 4.6a). With 
increasing conductivity, the percentage of deposit feeders increased with increasing 
conductivity, while the highest percentage of predators and piercers was observed at the 
lowest conductivity and filter feeders and scrapers had the highest percentages at 
intermediate conductivities (Fig. 4.6b). The percentage of filter feeders increased with 
increasing pH, while predators and shredders decreased and the percentage of deposit 




Fig. 4.6. Fraction of estimated mean abundance of each trait modality in relation to a) water 
temperature, b) conductivity, c) pH and d) velocity.  
 





















































































































increased with increasing velocity, while that of deposit feeders and shredders decreased 
with increasing velocity, and the percentages of predators and piercers hardly changed (Fig. 
4.6d).          
4.4 Discussion 
4.4.1 Data collection 
Given the fact that studies of running waters in the tropics are scarce, the number of 
observations in this study was relatively large. However, observations were only recorded 
during the dry season. It was reported that flowing waters in tropical regions have much 
lower annual variation in temperature than those in temperate regions, but the distinct wet 
and dry seasons can produce dynamic discharge regimes that interchangeably disturb 
hydrological connectivity and alter flows (Carrie et al., 2015). Macroinvertebrate 
compositional variation can be a result of these seasonal changes in tropical rivers as 
observed in various studies (Sanchez-Arguello et al., 2010; Carrie et al., 2015; Garcia et al., 
2015). For instance, Sanchez-Arguello et al. (2010) found higher taxon richness and 
evenness in the dry season and Ramirez et al. (2006) found the highest insect densities and 
biomasses during the dry season. However, a few other studies documented that seasonal 
variability does not affect macroinvertebrate communities (Melo & Froehlich, 2001; Jorcin & 
Nogueira, 2008; Feio et al., 2015). Aside from seasonality, the effect of temporal variations 
on the trait-environment relationship is understudied (Heino et al., 2013). Associations may 
vary on month-to-month and year-to-year temporal scales. Therefore, it is recommended to 
collect data in different seasons and varying temporal scales though this may be limited by 
the financial availability in developing regions.   
Trait databases and literature were used to allocate traits of macroinvertebrate families 
found on the island. This method had been widely used (Mondy et al., 2016; Piló et al., 
2016; van der Linden et al., 2016b). However, allocating traits of invertebrates via the 
literature can be tedious and time-consuming. Firstly, the invertebrate has to be identified; 
then the availability of traits for a specific taxon has to be searched in various databases and 
literature. A possible solution is the straightforward measurement or monitoring of traits in 
an aquatic system through automation. For instance, Silper et al. (2015) monitored the 
behavioural expression of Holstein heifers with accelerometers and video observations. 
Installation of a waterproof camera underwater is suggested to record the behaviour and 
traits of macroinvertebrate found underwater. Another option is the development of image 
analysis tools which can automatically identify traits (such as size or morphology) of 
individual organisms. 
4.4.2 Data pre-processing 
An in-depth investigation on estimating trait abundance is lacking. In several studies, the 
estimation of trait abundance is not explicitly described. However, some papers applied the 
weighted TAE method (Gayraud et al., 2003; Heino et al., 2013; van der Linden et al., 





2016b). To our knowledge, no one has explored the influence of using different approaches 
to estimate trait abundance. Based on the results of our study, the discovered statistical 
relationships (e.g. linear or quadratic) differ between the TAE approaches although the 
general patterns (e.g. decreasing or increasing) were similar along a gradient of an 
environmental variable with few exceptions. ‘All’ TAE has higher counts in comparison to 
other TAE methods. This method assumes the maximal trait potential of each taxon wherein 
they interchangeably use these trait modalities. ‘Dominant’ TAE represent the use of only 
the most preferred trait modality. This method assumes that an organism only uses its most 
preferred trait when the conditions are optimal (e.g. sufficient resources, no competition). 
However, the range of environmental conditions at which a taxon merely uses its most 
preferred trait modality cannot be inferred in our study. This may be accurately determined 
via laboratory experiments and analysis (e.g. stomach analysis) or on-site field observations. 
‘Even-distributed’ TAE resembles the averaging of the counts of traits while the ‘weighted’ 
TAE represents a weighted averaging of the counts of traits. The latter is most often used. 
As there are differences in both the determined major patterns and ecological implications 
among the TAE methods, this should be explicitly described in the methods due to the fact 
that abundance data are analysed in various statistical methods (e.g. ordination methods) 
and are used in trait-based indices (e.g. Shannon–Wiener diversity index) (Heino et al., 
2013).   
According to Heino et al. (2013) and Gayraud et al. (2003), abundance-weighted data have 
weaker explanatory power, which is a limitation of macroinvertebrate trait analysis. This 
limitation may be a result of the methodological design because in most abundance trait-
based analysis, a practice of logarithmically transformed abundance with trait frequency, 
log(x+1)*(trait frequency) is widespread (Monaghan & Soares, 2014). Statistical decisions 
can modify the ecological model as a result of data transformation, such as log(x+1), to 
stabilise the variance. This will alter the functional relationship from an additive to a 
multiplicative form (Austin, 2002). Monaghan and Soares (2014) suggested that this may 
result in inconsistent scaling that confounds quantitative analyses. Schmera et al. (2014), on 
the other hand, do not agree with the latter and pointed out that the application of log-
transformed abundances in trait-based analyses provides not only a valuable indicator of 
environmental conditions but also a clear and easy interpretable mathematical procedure. 
In a number of studies, both the abundance data and the environmental data were 
transformed prior to analysis to comply with the model assumptions as illustrated by 
Gebrehiwot et al. (2017) and Mondy et al. (2016). Legendre and Gallagher (2001) stated 
that appropriate data transformation methods may be necessary depending on the analysis 
technique and goal of the study. Remarkably, in this study, the data was not transformed 
prior to analysis as it was not needed when modelling count data with an appropriate 
statistical model (NBM). Thus, the results of this study offer straightforward interpretation 
wherein the abundance of a trait modality is related to a certain environmental variable. 





This is the strength of the methodology being implemented. To date, this study is one of the 
few trait-based analyses that applied untransformed data.  
4.4.3 Ecological modelling 
The shape of the response/relationship curves is an important aspect to consider in 
statistical methods (Austin, 2002). Non-linear relationships are often neglected in various 
studies. Thus, a hypothesis testing might be needed for assessing whether a species is 
related to environmental variables with a unimodal, symmetric or linear function (Austin, 
2002). The use of straight lines (linear) for species/environment relationships have to be 
tested. In our study, these relationships were tested and results revealed that relationships 
can be linear, quadratic or even cubic. These relationships increased ecological realism and 
understanding. The assumptions of function curves should not be generalized with a single 
shape as environmental variables are not always linearly or quadratically associated with a 
taxon or its traits.   
4.4.4 Ecological insights 
The results of this analysis provide insight in what might possibly occur with environmental 
alterations. For instance, with an increase in temperature, the number of most feeding 
strategies most likely will increase and the relative abundance of scrapers will most likely 
also increase. Most of the feeding strategies are quadratically associated with conductivity, 
wherein they peak at an intermediate conductivity. The abundance of deposit feeders starts 
to decline at a higher conductivity in comparison with the rest of the feeding strategies. In 
addition, the percentage of deposit feeders increased with increasing conductivity. An 
ecological insight can be drawn on what might be expected upon a dam installation, for 
example, which would result in a low velocity, increase in depth and accumulation of fine 
sediment. Based on the developed models, the number of shredders most likely will 
decrease (Fig. 4.6d) and scrapers may increase (Appendix Fig. 4.4) and the number of 
organisms will decline (Fig. 4.5a-e; Appendix Fig. 4.1) 
The results in this chapter indicate that feeding strategies are strongly associated with 
different environmental conditions and provide an understanding of the observed patterns 
and shifts of invertebrates along a gradient of an environmental variable.   
4.4.5 Implications for assessment and management  
Usseglio-Polatera et al. (2000a) stated that effective water management can be achieved if 
monitoring and assessment are based on a profound understanding of the mechanisms that 
lead to the occurrence of organisms in the environment. As such, the development of trait-
based indicators to define disturbed and semi-natural river conditions is relevant in 
environmental assessment. Furthermore, the modelling approach presented in this chapter 
can be applied to other traits and can serve as reference information for the development 
of stress-specific indicators for tropical running waters or the functioning of the ecosystem 





and its relation to the services, such as carbon sequestration, nutrient cycling and water 
purification. 
Based on the observed patterns and associations, insights on river management can be 
deduced. As velocity is clearly linked with the abundance of most trait modalities, alteration 
of velocity may have a serious ecological implication. Thus, proper management is needed 
to reduce this risk. Similarly, most feeding types are related to conductivity. It is reported 
that conductivity is related to water pollution and land use (Wang & Yin, 1997; Ometo et al., 
2000; Shrestha & Kazama, 2007). Therefore, appropriate regulation related to conductivity 
is important to minimize the decline of the ecological status of rivers by determining the 
causes of its unnatural readings. It has been reported that the domination of deposit 
feeders in a system is an indication of organic pollution (Guilpart et al., 2012; Coelho et al., 
2015; Khedhri et al., 2016). Likewise, our results show an increase in deposit feeder 
abundance as the BOD5 increases. Thus, the dominance of deposit feeders may reveal an 
evidence of organic pollution and therefore an appropriate management strategy must be 
applied such as the installation of wastewater treatment plants, waste stabilization ponds or 
constructed wetlands (Gibert et al., 2010; Gibert et al., 2012).  
Ecological thresholds are defined as the point at which there is an abrupt change in an 
ecosystem quality, property or phenomenon, or where small changes in an environmental 
driver produce large responses in the ecosystem (Groffman et al., 2006). Thus, they are 
necessary as a basis for monitoring, assessment and management. In developing regions, 
these thresholds are generally adopted from developed and temperate regions. However, 
they may not be relevant in the tropics as conditions might be different. The outcome of this 
modelling exercise can be useful to assess the applicability of these thresholds. For instance, 
Behar (1997) reported that water conductivity in the range of 150 to 500 µS/cm supported 
diverse aquatic life. However, based on our results, the abundance of most of the feeding 
strategies already dropped in the range of 200 to 450 µS/cm (Appendix Fig. 4.2). This 
suggests that threshold for water conductivity may be lower in the region.  
4.5 Conclusions 
The process of extracting knowledge from the data is of paramount importance as relevant 
ecological insights were inferred, which provide insights into river management and 
improvement of environmental monitoring and assessment. Data pre-processing is crucial 
as the ecological insights and interpretation largely depended on it. In particular, methods 
for estimating trait abundance should be explicitly described in trait-based studies as each 
method differs in both the general patterns and ecological implications. Most studies only 
consider linear relationships between a trait modality and environmental conditions, but 
trait-environment relationships can be quadratic or cubic in nature and thus, a 
generalization of curve functions is not recommended and hypothesis testing might be 
necessary to determine the curve shapes. Though this chapter only focuses on feeding 
habit, this methodology can be extended to other traits such as respiration, locomotion, life 





cycle, etc. The discovered patterns can also be used to validate observations in other 
systems with similar environmental conditions.  





Chapter 5. Negative binomial regressions to assess the response of 
macroinvertebrate traits to river characteristics: a case study in Ecuador.   
adapted from 
Marie Anne Eurie Forio, Peter L. M. Goethals, Koen Lock, Luis Dominguez-Granda, Nguyen 
Thi Hanh Tien, Minar Naomi Damanik-Ambarita and Olivier Thas (submitted). Negative 
binomial regressions to assess the response of macroinvertebrate traits to river 


















The more clearly we can focus our attention on the wonders and realities  
of the universe about us, the less taste we shall have for destruction.  
-Rachel Carson- 






Analysing how biological traits evolve along a gradient of an environmental characteristic 
allows a mechanistic understanding of compositional changes and a deeper comprehension 
of lotic ecosystem functioning that serves as a basis for ecosystem services determination 
and valorisation. Thus, it is aimed to investigate the shifts of traits and changes of trait 
abundance along a gradient of the environmental conditions. Aquatic macroinvertebrates, 
physical-chemical water characteristics, hydromorphological river conditions and site 
descriptions were collected at 120 sites at Guayas River basin. Information on traits (feeding 
strategy, locomotion, reproduction, respiration, maximal size) of each macroinvertebrate 
was gathered from various databases. Negative binomial regression was applied to relate 
the abundances of each trait modality (category/class) to each environmental variable. 
Velocity, turbidity, land use, degree of shading and sediment were related to numerous 
(>20) trait modalities. Environmental characteristics (physical-chemical, hydromorphology, 
site descriptions) were important in structuring functional composition. Shifts of trait 
modalities were observed. For instance, gilled invertebrates dominated in forest and arable 
lands while tegumented invertebrates dominated in residential areas. Low water velocity 
and turbid waters supported a lower number of traits. Addressing issues on turbidity and 
velocity of water may improve functional diversity and increase the functional capacity 
within the basin. Furthermore, establishing heterogeneous microhabitats (e.g. bed 
substrate) and shading may support a variety of traits and therefore increase functional 
diversity within the system. The findings of this chapter aids in river management, can serve 
as reference information, and the methodology can be extended to other traits (e.g. 
dissemination mode, life cycle durations) to further identify trait-environment relationships 










Over the past several decades, taxon approaches based on aquatic organisms have been 
implemented in water monitoring and assessment in different regions of the world (Bonada 
et al., 2006; Hering et al., 2006; Forio et al., 2016). However, the application of these 
organisms as an indicator of the environmental status has limitations. Most taxa are not 
present in all regions, thus the development of region-specific indicators is needed. Taxon-
based assessments also do not provide a mechanistic understanding of compositional 
changes on lotic ecosystem functioning (Poff, 1997; Usseglio-Polatera et al., 2000c). 
However, taxonomic-free attributes (e.g. body size, abundance distribution among 
functional groups, functional diversity and productivity) have been recently applied in 
environmental assessment (Boets et al., 2013) as these attributes reflect the taxa’s 
adaptation to the environment.  
Despite the increasing number of studies on the application of macroinvertebrate traits as 
an indicator of an environmental condition, this field remains understudied. Few studies 
nevertheless illustrate that functional traits reflect impacts of sedimentation in river basin 
(Bona et al., 2016), response traits (i.e. maximum size) indicate contaminated sediments 
(Boets et al., 2013; Fanny et al., 2013), species with small size, long life span and crawling 
motility dominate at metal contaminated estuarine areas (Piló et al., 2016) and taxa relying 
on gills or a plastron were predictors of anthropogenic pollution (Tchakonte et al., 2015). 
However, related studies on how functional traits evolve along the environmental 
conditions have received limited attention. This information is important as knowledge on 
the links between traits and environmental conditions provide insights into how the 
functioning of ecosystems varies at the opposite ends of major environmental gradients 
(Heino, 2005). This also allows a better understanding of the complex relations between 
physical-chemical, hydrological, morphological and biological processes in river systems.  
Monitoring and assessment tools for the management of water resources are generally 
more effective if they are based on a clear understanding of the mechanisms that lead to 
the presence or absence of species groups in the environment (Usseglio-Polatera et al., 
2000a). Moreover, effective water management depends on our ability to quantify 
ecological alterations and discriminate among varying levels of impact (Pavel et al., 2016). 
Thus, trait-based monitoring and assessment have a great applicative potential in 
environmental management as illustrated in some studies. For instance, Mondy et al. (2016) 
suggested that the community tolerance concept based on traits can assist stream 
managers in decision making related to management options. Diversity indices based on 
traits provide a single value of functioning which could be used for management purposes 
(van der Linden et al., 2016a). More specifically, effective management of 
macroinvertebrate community during droughts needs a clear understanding of their 
response to drying (Imberger et al., 2016). Likewise, the downstream transport of aquatic 
invertebrates has an important management implication for drift-feeding fishes (Naman et 





al., 2016). The mechanistic understanding of species-environment interactions will likely 
contribute to better predictions of large-scale problems such as the spread of invasive 
species (Poff, 1997). This allows managers and policy-makers to deliver cost-effective 
solutions and strategies before an ecosystem collapse. Therefore, investigating the 
associations between the traits of organisms and environmental conditions aids stream 
managers and stakeholders in decision making to attain optimal management actions.   
Trait studies in developing countries are rare and therefore little is known about the 
responses of macroinvertebrate traits towards environmental conditions in these regions. 
Although numerous studies have been undertaken about the degradation of ecological 
quality in the tropics, the understanding of the mechanisms that led to the presence or 
absence of organisms is not addressed. Thus, we aim to investigate the shifts of traits and 
changes of trait abundance along a gradient of the environmental variables in a tropical 
river basin. The environmental variables that are associated with various traits were 
identified. Thus, 80 sites were assessed for biological (macroinvertebrates), chemical, 
physical and hydromorphological characteristics of river reaches in Guayas River basin 
(Ecuador). Negative binomial regression was applied to relate the abundance of each trait 
modality (category) as a function of environmental variables. The findings of this study 
provide insight into how environmental conditions are structuring functional composition, 
which can aid in environmental management.  
5.2 Data analysis 
To relate the abundance of each trait modality in response to each environmental variable, 
negative binomial regression models (NBM) were fitted (cf. Section 3.5). Only the data 
collected from rivers were analysed in this chapter (cf. Section 3.3). The Ecuadorian data 
were analysed and a “weighted” trait abundance estimation method was implemented to 
estimate the abundance of each trait class (cf. Table 3.3, Section 3.3.2). The model assumes 
that for a given environmental condition, the abundance can be described by a negative 
binomial distribution. Similar to Poisson regression, the conditional mean of the negative 
binomial distribution is related to the environmental variables through a log-link function; 
the logarithm of the mean abundance can be modelled as linear or quadratic function of 
one or more environmental variables. Whereas the Poisson distribution implies that the 
variance of the abundance equals the mean, say µ, the negative binomial distribution allows 
for overdispersion, i.e. the conditional variance equals µ + µ2/k, where k is an overdispersion 
parameter. All parameters in the NBM were estimated by means of maximum likelihood 
(Zuur et al., 2009).  
All model fits were performed after centering the continuous environmental variables (i.e. 
subtracting the mean), because this procedure reduces the strength of the collinearity 
between the terms in the statistical model, and hence reducing the variance inflation effect. 
Backward elimination was applied as a model selection procedure to determine whether a 
linear or quadratic relation exists between counts of a trait modality and a numerical 





environmental variable, i.e. first the model with a linear and quadratic effect was fitted; if 
the quadratic effect was not significant at the 5% level of significance, the term was 
removed from the model, and the linear term was tested, again at the 5% level of 
significance. The procedure was repeated for each continuous environmental variable. 
Ordinal environmental variables entered the model as ordinal factor variables with 
orthogonal contrasts resulting in linear, quadratic, cubic, … effect parameters (degree of 
polynomial is one less than the number of levels of the ordinal factor). This again allows for 
a backward elimination procedure as described before. For nominal environmental 
variables, no model selection was performed. Model assumptions were assessed by plotting 
the deviance residuals against fitted values to assess homogeneity and correctness of the 
model. All statistical tests were performed at the 5% level of significance. All analyses were 
implemented in the R software (R Core Team, 2016) and negative binomial regression was 
performed with the MASS R-package (Venables & Ripley, 2002).  
To visualize the model, the results of the NBM per trait modality were visualized as the 
estimated mean abundance of the selected trait modality as a function of selected 
environmental variables. Furthermore, to visualize the fractions of each trait modality on 
each land use category, the mean percentages of each trait modality were plotted using a 
pie chart on each land use category.   
5.3 Results  
5.3.1 Overview of Ecuadorian traits data 
 
Fig. 5.1. Number of taxa linked with each modality of feeding strategy (blue), locomotion 
(orange), red (reproduction), respiration (violet) and size (green) with size1 (≤ 0.25 cm), 
size2 (> 0.25-0.5 cm), size3(> 0.5-1 cm), size4 (> 1-2 cm), size5 (> 2-4 cm), size6 (> 4-8 cm) 


















































































































































































































































Many taxa were predators, crawlers, reproduce in clutches (cemented), respire by gills and 
tegument, and invertebrates with sizes of >0.5-1 cm and >1-2 cm (Fig. 5.1). Accordingly, the 
most abundant traits over all the sampled locations were also crawlers, reproduce in 
clutches (cemented), respire by gills and tegument, and invertebrates with size >1-2 cm (Fig. 
5.2). However, invertebrates with feeding strategy of scraping and temporarily attached 




Fig. 5.2. Total abundance of each modality for feeding strategy (blue), locomotion (orange), 
red (reproduction), respiration (violet) and size (green) with size1 (≤ 0.25 cm), size2 (> 0.25-
0.5 cm), size3(> 0.5-1 cm), size4 (> 1-2 cm), size5 (> 2-4 cm), size6 (> 4-8 cm) and size7 (> 8 
cm) at all sampling locations.   
5.3.2 Trait abundance models 
Velocity, turbidity, land use, degree of shading and mineral substrate (sediment) were 
associated with more than 20 trait modalities (Table 5.1, Appendix Table 5.1-5.5). In general, 
the abundances of most trait modalities increased with increasing velocity (Fig. 5.3). The 
trait modalities scraper, gills, temporarily attached and cemented isolated eggs had the 
highest mean abundance. Invertebrates with sizes >0.5-1 cm had the highest mean 
abundance at velocities 0 to 0.9 m/s while invertebrates with sizes >0.25-0.5 cm had the 
highest mean abundance at velocities 0.9 to 1.5 m/s. On the contrary, most trait modalities 
decreased with increasing turbidity (Appendix Fig. 5.1). Similarly, the associated trait 
modalities with chlorophyll showed negative correlations (Appendix Table 5.1-5.5). The 
mean abundance of deposit feeders, scrapers, piercers, gills, temporarily attached, isolated 










































































































































































































































450 to 700 m a.s.l. elevation (Fig. 5.4). On the other hand, the mean abundance of filter 
feeders, shredders, crawlers, clutches (cemented) and invertebrates with size >4-8 cm 
increased with increasing elevation. Lastly, the mean abundance of deposit feeders also 
exponentially increased as COD increased while the mean abundance of scrapers decreased 
with increasing COD concentration (Appendix Fig. 5.2).  
Table 5.1. Environmental variables associated with at least 15 trait modalities. 









Average stream width 19 
Mean stream depth 19 
Land use 22 
Shading 21 
Variation in flow 15 
Mineral substrate 22 
Bank shape 19 




Fig. 5.3. Estimated mean abundance of each trait modality in relation to velocity. 























































































































Fig. 5.4. Estimated mean abundance of each trait modality in relation to elevation where 
size1, size2, size3, size4, size5, size6, size7 refers to size ≤ 0.25 cm, > 0.25-0.5 cm, > 0.5-1 cm, 
> 1-2 cm, > 2-4 cm, > 4-8 cm and > 8 cm, respectively. 
Fig. 5.5 presents the shifts in trait modalities as a function of the land use. Among the 
feeding strategy, scrapers had the highest fraction in a forested land use. Deposit feeders 
were dominant in orchards while there was a relatively equal portion of deposit feeders, 
shredders and predators in arable land. The residential areas were mainly dominated by 
scrapers, followed by predators. The temporarily attached invertebrates dominated in 
forests and orchards but had a lower fraction at arable and residential areas. Moreover, 
more burrowers were found at residential areas. Both forests and orchards were dominated 
by invertebrates which reproduced through isolated eggs (cemented) whereas arable lands 
were dominated by clutches (cemented). The gilled invertebrates dominated in a forest and 
arable lands while tegumented invertebrates dominated in residential areas. The size of 
invertebrates tends to increase in the order of forest, orchard, arable and residential land 
use. 
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Fig. 5.5.  Fraction of estimated mean abundance of each trait modality in relation to main 
land use. 
5.4 Discussion 
5.4.1 Ecological insights 
Organisms are filtered to their habitats through their functional traits and only organisms 
possessing the appropriate traits can pass these filters and establish at the local community 
(Poff, 1997). Dewson et al. (2007) observed that organisms’ behaviour and biotic 





interactions are altered as a result of habitat loss and modification of food resources. 
Likewise, this chapter illustrates that trait modalities shifted along a gradient of an 
environmental variable and several trait modalities were related to certain environmental 
variables such as velocity, turbidity, land use, degree of shading and mineral substrate.  
Studies illustrate the influence of reduced flow on aquatic invertebrates. Decreases in water 
flow usually cause decreased water velocity, water depth and wetted channel width; 
increased sedimentation and changes in thermal regime and water chemistry (Dewson et 
al., 2007). Rivers with low water velocities tend to have poor ecological status (Forio et al., 
2015; Damanik-Ambarita et al., 2016a). Various studies have observed that water velocity 
explains the variability of macroinvertebrate assemblages (Elbrecht et al., 2016; Jun et al., 
2016; Laura et al., 2016; Scholl et al., 2016). However, the associated alteration of traits 
with decreasing water velocities is not well known. The results of our study, however, reveal 
that as velocity increases, the abundance of most trait modalities increased. Most trait 
modalities favour high water velocities. This association provide a possible explanation on 
the strong links between invertebrate assemblages and water velocities.  
 
A shift of trait modalities is observed along an altitudinal gradient. Elevation has been 
reported as the key environmental factor affecting aquatic invertebrates (Mauad et al., 
2015; Damanik-Ambarita et al., 2016a; Eddy & Roman, 2016; Laura et al., 2016). It is 
observed that rivers at the upstream higher elevation have better ecological status 
(Damanik-Ambarita et al., 2016a). Likewise, Rezende et al. (2014) and Feio et al. (2015) 
found increased taxonomic richness and density of macroinvertebrate communities at 
higher altitudes. However, the shifts in taxonomic diversity and composition in response to 
elevation is often confounded by the impacts of human activities, which are often most 
extensive at the lower altitudes (Lang & Reymond, 1993; Montano-Centellas & Garitano-
Zavala, 2015; Vasquez et al., 2015). We can infer that the decrease in abundance of certain 
trait modalities (e.g. crawler, cemented eggs) at lower elevation can be the result of both 
the anthropogenic activities and the natural river characteristics at these locations. Based 
on our findings, shredders increased as the altitude increased. This is in line with the results 
of the study of Jinggut and Yule (2015). Shredders feed on coarse particulate organic 
material (CPOM); therefore, the prevalence of shredders at sites with higher elevations can 
be explained by the availability of leaves at higher elevations.  
Turbidity has been known to be negatively associated with macroinvertebrate communities 
(Damanik-Ambarita et al., 2016a; Damanik-Ambarita et al., 2016b; Forio et al., 2017a). 
Likewise, Backus-Freer and Pyron (2015) concluded that macroinvertebrates responded 
strongest to turbidity, which is likely influenced by anthropogenic impacts (Backus-Freer & 
Pyron, 2015). Turbidity in streams could be due to erosion, waste discharge, urban runoff, 
fine bottom sediments, eroding stream banks, excessive algal growth and heavy 
precipitation causing water flow to carry large volumes of particulate matter (USEPA, 1997; 
Munyika et al., 2014). Investigation of the responses of functional traits on turbidity is 





limited. Our study, however, provides information on the changes of traits along the 
turbidity gradient. It is observed that the abundance of most trait modalities decreased with 
increasing turbidity. Therefore, we can infer that sites with high turbidity have lower 
functional capacity.  
Land uses within a watershed affect not only the chemical water characteristics but also the 
biological characteristics such as the macroinvertebrate communities (Lenat & Crawford, 
1994; Sponseller et al., 2001; Roy et al., 2003; Hering et al., 2006). Accordingly, a functional 
variation of communities is best explained by the land use of an area surrounding the 
stream (Pavel et al., 2016). The functional alterations in response to land use change are 
understudied. However, a study indicates that fewer small-bodied organisms were observed 
in urbanized areas (Nichols et al., 2016). Similarly, our results reveal that larger 
invertebrates were observed in residential areas. Furthermore, it was observed that the 
fraction of predators was higher in residential areas (a known disturbed location) than other 
land uses. On the contrary, Ieromina et al. (2016a) mainly observed predators in clean 
waters. However, we observed high abundances of Hydropsychids and Chironomids, which 
have a low affinity to predation, at locations mainly surrounded by residences.  
Hydromorphological characteristics were associated with certain modalities. For instance, 
bed substrate (river sediments) and shading were associated with 22 and 21 trait modalities, 
respectively. Brand and Miserendino (2014) also observed that species with certain traits 
(poorly synchronized life history, filter-feeding strategy, rounded body shape, tegument 
respiration mode, poorly sclerotized life forms) are tolerant to sedimentation (accumulation 
of fine sediments). Furthermore, Milesi et al. (2016) found that substrate heterogeneity 
selects specific combinations of traits, especially related to size and feeding habit. Thus, they 
suggested that homogenization of stream bottom substrate associated with human 
activities could result in a reduction or loss of important functions (e.g. processing of organic 
matter), which affects the stream ecosystem. In relation to shading, Feld and Hering (2007)  
and Ceneviva-Bastos and Casatti (2014) indicated that shading was an important predictor 
of taxonomic structure and functional composition. This can be explained by the link 
between shading in streams and the gross primary production wherein the main energy 
source shifts from autochthonous to allochthonous as the degree of shading is altered from 
unshaded to shaded (Stone & Wallace, 1998). The primary production is reduced in streams 
with abundant riparian canopy. Consequently, biological communities would be dependent 
on allochthonous material for consumption (Nakano & Murakami, 2001). On the other 
hand, producers proliferate in a deforested unshaded streams as a result of an increase of 
radiation, yielding greater algae and macrophyte abundance (Pusey & Arthington, 2003). 
Our study illustrates the importance of hydromorphological river characteristics in shaping 
the functional composition of streams and therefore has strong implications for stream 
ecosystem functioning.  





5.4.2 Application in environmental management  
Environmental characteristics (physical, chemical, hydromorphology) are important in 
structuring functional composition. Based on the results of this chapter, low water velocity 
supports a lesser abundance of organisms. Thus, water abstraction, which caused reduced 
flow and consequently caused reduced water velocity, should be regulated. The causes of 
high water turbidity within the basin should be addressed as abundances were negatively 
related with turbidity. Resolving issues on turbidity may increase the functional capacity 
within the basin. Furthermore, as heterogeneous sediment composition supports diverse 
traits, by maintaining or engineering streams to differentiate sediment composition may 
support a variety of traits and therefore increase functional diversity within the system. 
Lastly, buffer zones along the river bank are suggested to improve functioning in the stream. 
Plantation of trees in the riparian zone is suggested to increase the heterogeneity of shading 
and food source along a river stretch.  
5.4.3 Implication for future studies 
Although the data were collected only at one sampling event, it provided significant 
ecological insights in the responses of functional traits to environmental conditions. Another 
study, however, observed temporal variability in invertebrate metrics due to the influence 
of taxa with seasonal life cycles (Boehme et al., 2016). Temporal variation of trait-
environment relationships is understudied (Heino et al., 2013). Therefore, we recommend a 
collection of data at different periods (i.e. monthly and yearly) and seasons. Furthermore, 
our study only focuses on the responses of traits on the environmental variables observed 
at the reach scale. It would be interesting to investigate the effect of variables at the 
catchment or ecoregion scale on functional traits (Feld & Hering, 2007; Eros et al., 2009). 
Lastly, improvement and development of trait databases for taxa found in developing 
countries are suggested. 
The application of traits in environmental management needs further investigation. For 
instance, characterizing functional composition and diversity at the natural or semi-natural 
environmental conditions would aid in setting target conditions for environmental 
management. Specifically, the functional composition/diversity at reference condition is 
compared with potentially disturbed sites. However, this remains a challenge as locations 
with semi-natural conditions are hard to find and access due to the increasing exploitation 
of natural resources even at upstream river stretches. Furthermore, there is no consensus 
on which traits have to be included in estimating trait or functional diversity (Schmera et al., 
2017). Perhaps an option would be the development or application of stress-specific 
indicators based on traits such as SPEARpesticides (Schäfer et al., 2011). Nevertheless, this may 
be limited by the possible correlation of stress-specific indicators with other indicators 
(Schuwirth et al., 2015). Thus, there is a need to test whether a developed stress-specific 
indicator is correlated with other indicators. On the other hand, the findings of this study 
can serve as reference information and the methodology can be extended to other traits 





(e.g. dissemination mode, life cycle durations) to further identify trait-environment 
relationships, which can assist in the development of stress-specific indicators or trait 
indicators detecting environmental degradation. The findings in this study can also assist in 
determining the tipping points when the function begins to (dis)appear through the 
developed function curves. Moreover, the function curves can be used to confirm the 
ecological thresholds (cf. Section 4.4.5). Lastly, an interesting possible application of traits in 
environmental management is the determination of the trait composition/diversity of a 
system with optimal functioning. Subsequently, the determined trait composition can be 
applied as a reference condition. However, a system with an optimal functioning has to be 
carefully defined.  
5.5 Conclusions 
Velocity, turbidity, land use, degree of shading and mineral substrate (sediment) were 
associated with most of the trait modalities. This suggests that these variables are important 
in structuring the functional composition of the riverine system. Both low water velocity and 
highly turbid waters support a lesser abundance of traits and organisms. Thus, resolving 
issues on low velocity and turbidity may improve functional capacity within the basin. 
Specifically, water abstraction (removal of water) or water regulation (regulating the water 
outflows in dams) should be carefully managed in order to avoid a substantial reduction of 
the stream velocity (and ecological impacts) downstream the dam. Last but not the least, a 
heterogeneous habitat such as varied sediment composition and degree of shading suggests 
a more diverse functioning in the riverine system.   





Chapter 6. Comparative analysis of the response of macroinvertebrate traits to 
environmental conditions in tropical rivers 
Adapted from 
Marie Anne Eurie Forio, Peter Goethals, Koen Lock, Victor Asio, Hannah Rissah Abad, Luis 
Dominguez-Granda, Peace Liz Sasha Musonge, Minar Naomi Damanik Ambarita, Nguyen Thi 
Hanh Tien and Olivier Thas. (submitted) Comparative analysis of the response of 



















Everything should be made as simple as possible, but not simpler.  
–Albert Einstein- 






Recent studies reveal clear evidence for the usefulness of trait-based analyses in 
bioassessment. However, the question on whether the responses of macroinvertebrates 
along gradients of environmental characteristics are different between different regions is 
left unanswered. We, however, tested the hypothesis that the biological traits of 
macroinvertebrate communities in the tropical rivers respond similarly to the environmental 
conditions. We gathered physical-chemical, hydromorphological and biological 
(macroinvertebrates) data in tropical countries (Ecuador, the Philippines, Uganda) from 
different continents. A negative binomial mixed model was constructed to relate the 
abundance of macroinvertebrate traits and environmental conditions. Results indicate that 
the abundance of most feeding groups increased with increasing water velocity and 
responded similarly among the regions. However, the deposit feeders and scrapers in 
Ecuador responded differently to turbidity and chemical oxygen demand (COD), 
respectively, as compared to the deposit feeders and scrapers in the Philippines and 
Uganda. The predators and shredders in Uganda also responded differently towards 
turbidity and COD, respectively, than the predators and shredders in Ecuador and the 
Philippines. Yet, in general, most of the responses of all functional groups were similar over 
the three tropical regions except in a few cases. These few exceptions can be due to the 
system (i.e. big river basin, an insular system with relatively short streams, three 
subcatchments in a mountainous region) and climate differences among regions or to the 
different responses of these traits to these environmental variables between the regions. 
We can, however, infer that the traits with the same and significant response to an 
environmental variable, respond similarly among the tropical regions, and they can 
therefore be used for developing trait-based biomonitoring and assessment tools among 
the tropical regions.         
  






Human activities driven by economic, cultural, intellectual, aesthetic and spiritual goals 
cause alteration of the composition of biological communities (Chapin Iii et al., 2000). 
Particularly, the rates of species invasions and species extinctions increased from local to 
global scales (Chapin Iii et al., 2000; Hooper et al., 2005). Furthermore, anthropogenic 
impacts on the environment cause not only a decline in diversity, but also shifts in functional 
traits as organisms with certain traits are replaced by other organisms with different traits 
(Grime et al., 2000; McCollin et al., 2000; Loreau et al., 2001). Shifts of species traits can 
have direct consequences for ecosystem services. (Chapin Iii et al., 2000). This is due to the 
fact that ecosystem properties greatly depend on biodiversity. In turn, biodiversity is linked 
with the functional characteristics of organisms present in the ecosystem. Specifically, 
species interact with climate, resource availability and disturbance regimes, which influence 
ecosystem properties (Chapin Iii et al., 2000; Hooper et al., 2005). As changes in biodiversity 
have a strong potential to alter ecosystem properties, the goods and services that 
ecosystems provide to humanity can, therefore, be altered (Chapin Iii et al., 2000; Hooper et 
al., 2005). Thus, adequate description of ecosystems requires information on both structure 
(i.e. chemical properties, biological composition) and function (i.e. functional traits, gross 
primary production) (Gessner & Chauvet, 2002; Young et al., 2008), because disturbances 
might cause changes in structure but not function, in function but not structure or in both 
(Bunn & Davies, 2000; Young et al., 2008; Riipinen et al., 2009).  
Aquatic ecosystems have been assessed with structural measures such as physical-chemical 
properties or community composition (macroinvertebrates, algae or microbes) (Rosenberg 
& Resh, 1996; Hering et al., 2006; Gabriels et al., 2010; Forio et al., 2016). In particular, 
taxonomic measures (i.e. diversity indices, ecological indices) have been globally applied to 
indicate the ecological status of surface waters (Damanik-Ambarita et al., 2016b; De Troyer 
et al., 2016; Forio et al., 2017a). Studies reveal that these measurements are region specific. 
For instance, Everaert et al. (2014) concluded that associations between macroinvertebrates 
and abiotic conditions may be river basin-specific and therefore might not be automatically 
transferable across the river basins in the tropics. Forio et al. (2016) also stated that the 
responses of aquatic macroinvertebrates towards pollution were different among the 
tropical countries and extrapolating ecological models from one region to another should be 
done with caution. Accordingly, both geographical location and local environmental factors 
contribute to variation in taxonomic diversity in freshwater systems (Heino, 2011). In a 
review, Heino (2014) concluded that taxonomic measurements in stream macroinvertebrate 
communities are not transferable among regions. Thus, applying ecological indices and 
models from one region to another can lead to uncertainty in ecological valuations 
(Tomanova et al., 2006; Moya et al., 2007; Everaert et al., 2014; Forio et al., 2016).   
 
Functional traits of taxa have been applied to categorize and assess the conditions of 
ecosystems (Menezes et al., 2010; Boets et al., 2013). It has been shown that trait-based 





approaches are able to evaluate the actual state of ecosystems and discriminate different 
types of anthropogenic impacts (Usseglio-Polatera et al., 2000c; Archaimbault et al., 2010). 
More importantly, trait measurements are linked to the functioning of ecosystems (Doledec 
& Statzner, 2010). Although recent studies reveal clear evidence of the usefulness of trait-
based analyses in bioassessment, the question on how traits vary along the same gradients 
of environmental conditions in different regions is left unanswered (Heino et al., 2013).  
Statzner et al. (2001) hypothesized that traits should vary across environmental gradients, 
but that trait patterns will be similar in different regions. Evidently, studies illustrate that 
macroinvertebrate trait patterns are relatively stable across Europe (Bonada et al., 2007b), 
across France (Charvet et al., 2000) and across different climatic regions (Gallardo et al., 
2014), despite the differences in taxonomic composition in these regions. However, Bonada 
et al. (2007b) and Statzner et al. (2004) argue that if the environmental conditions differ 
consistently among rivers in different regions, then it is likely to find differences in the 
species traits of local communities at regional, ecoregion and drainage basin scales. Various 
studies suggest that environmental conditions (i.e. catchment vegetation, hydrological 
regimes such as rainfall) vary to some degree among stream ecosystems at geographical, 
ecoregional and drainage basin scale (Poff, 1996; Gasith & Resh, 1999). Thus, the question 
of whether the responses of stream community’s traits vary along geographical and 
environmental gradients is far from settled (Heino et al., 2013).  
This chapter tested the hypothesis that the biological traits of macroinvertebrate 
communities in streams in the tropics respond similarly to environmental conditions. To our 
knowledge, most of the trait-based studies have been focused on the temperate regions 
and research in the tropics is limited. Thus, we compared the responses of 
macroinvertebrate traits to the gradients of environmental conditions between the three 
tropical countries. Furthermore, we determined the response of macroinverbrate traits 
towards the environmental conditions across the tropical regions. To achieve these goals, 
we gathered physical-chemical, hydromorphological and biological (macroinvertebrates) 
data in tropical countries (Ecuador, the Philippines, Uganda) from different continents. A 
negative binomial mixed model was constructed to relate the macroinvertebrate traits and 
environmental conditions. The results of this study provide insights into whether the 
responses of traits to environmental conditions vary among the tropics. In this chapter, we 
refer responses of traits as the response of trait abundance to the environmental 
conditions.    
6.2 Data analysis 
The abundance of each trait modality was related to the environmental conditions using a 
statistical model and subsequently, these relationships were compared between the three 
regions (Ecuador, the Philippines, Uganda) situated in the tropics. A “weighted” trait 
abundance estimation method was implemented to estimate the abundance of each trait 
modality (cf. Table 3.3, Section 3.3.2). A negative binomial regression mixed model (NBMM) 





was fitted (cf. Section 3.5). NBMM is an advanced technique for statistical modelling which 
has been successfully applied in a number of fields (Berry & Berrang-Ford, 2016; Nadeau-
Fredette et al., 2016; Zhang et al., 2017). The mixed effect models account for dependence 
between observations by adding appropriate random effects to the model. Furthermore, 
the model assumes that for a given environmental condition, the abundance can be 
described by a negative binomial distribution. Similar to Poisson regression, the conditional 
mean of the negative binomial distribution is related to the environmental variables through 
a log-link function; the logarithm of the mean abundance can e.g. be modelled as a linear or 
quadratic function of one or more environmental variables. Whereas the Poisson 
distribution implies that the variance of the abundance equals the mean, say µ, the negative 
binomial distribution allows for overdispersion, i.e. the conditional variance equals µ + µ2/k, 
where k is an overdispersion parameter (Zuur et al., 2009). All parameters were estimated 
by maximum likelihood, using the Laplace approximation to evaluate the marginal likelihood 
(Fournier et al., 2012). 
All models fits were performed after centering the continuous environmental variables (i.e. 
subtracting the sample mean), because this procedure reduces the strength of the 
collinearity between the terms in the statistical model and hence reducing the variance 
inflation effect. To determine whether the trait classes respond similarly to the 
environmental conditions across different regions, each environmental variable was 
included as fixed effect, while country was incorporated as a random effect so as to account 
for the correlation between samples collected in the same country. A random intercept for 
country and a random slope for the environmental variable was implemented in the model. 
A zero variance of the random slope effect means that the environmental variable has the 
same effect in all regions. A hypothesis testing (through likelihood ratio test) was performed 
to statistically assess whether or not the variance of the random slope effect is equal to 
zero.  A model including both random slopes for linear and quadratic effects was fitted. The 
variance of the random slope for the quadratic effect of the continuous variable was first 
tested at the 5% level of significance. If the test demonstrated that the variance is not equal 
to zero, then it was concluded that the environmental variable has different quadratic 
effects in the regions. However, if the hypothesis testing did not reject the null hypothesis if 
the variance is zero, then as a next step, the variance of the random slope for the linear 
effect was further tested at the 5% level of significance. When the test indicated that the 
variance is not equal to zero, it was concluded that the environmental variable has different 
linear effects in the regions. Only a random slope with a linear effect was considered for the 
ordinal environmental variables. Finally, the random slope of a nominal environmental 
variable entered as a nominal factor in the model. In this case, for each category (class) of 
the nominal environmental variable, the response of trait was tested whether it is different 
between regions.  
Subsequently, backward elimination was applied as a model selection procedure for the 
fixed effect terms to determine whether a linear or a quadratic relation exists between 





counts of a trait modality and a continuous environmental variable. In particular, first the 
model with a linear and quadratic effect was fitted. If the quadratic effect was not 
significant at a 5% level of significance, the term was removed from the model and the 
linear term was tested, again at a 5% level of significance. The procedure was repeated for 
each numerical environmental variable. Ordinal environmental variables entered the model 
as ordinal factor variables with orthogonal contrasts resulting in linear, quadratic, cubic, … 
effect parameters (degree of the polynomial is one less than the number of levels of the 
ordinal factor). This again allows for a backward elimination procedure as described before. 
For nominal environmental variables, no model selection was performed.  
Model assumptions were assessed by plotting the deviance residuals against fitted values to 
assess homogeneity and correctness of the model. All analyses were executed in R (R Core 
Team, 2016) using the glmmadmb function in the glmmADMB package (Fournier et al., 
2012). All statistical tests were performed at a 5% level of significance. The results of the 
NBMM were visualized as the estimated mean abundance of the selected trait modality as a 
function of selected environmental variables. 
6.3 Results 
Table 6.1 presents the summary of the environmental variables with significant fixed effects 
for each feeding groups. The estimates and p-values are presented in Appendix Table 6.1-
6.8. A significant fixed effect indicates that an association was found between the 
abundance of the corresponding feeding group and the environmental variable across the 
regions. For instance, most feeding groups increased with increasing water velocity (Fig. 
6.1a; Appendix Fig. 6.1), the number of scrapers increased with increasing dissolved oxygen 
concentration (Fig. 6.2c) while the abundance of filter feeders decreased with increasing 
turbidity (Fig. 6.3b). Correspondingly, the counts of deposit feeders started to increase 
when the COD concentration was about 30 mg/L (Fig. 6.4a).  
 
Table 6.1. Significant fixed effects for deposit feeders, filter feeders, parasites, piercers, 
predators, scrapers and shredders. Continuous (Con) variables with quadratic-linear effect 
indicate that the final model consists of both the linear and quadratic terms of the variable. 
Ordinal (Ord) variables with a polynomial (quadratic, cubic, to the 4th degree (^4), to the 6th 
degree (^6)) or linear effect indicate that the final model consists of either polynomial or 
linear terms of the variable, respectively. Nominal (Nom) variables with significant effect 








Parasites Piercers Predators Scrapers Shredders 
Elevation Con Quadratic-
Linear 
Linear    Quadratic-
Linear 
Linear 
Velocity Con Linear Quadratic   Linear Quadratic Linear 
Temperature Con  Quadratic-
Linear 





   Quadratic-
Linear 
  











Parasites Piercers Predators Scrapers Shredders 
pH Con Quadratic-
Linear 
    Linear Linear 
Dissolved 
oxygen 
Con   Quadratic-
Linear 
  Linear 
 
 
Turbidity Con  Linear      
COD Con Quadratic-
Linear 
      
Nitrate-N Con   Linear     
Ammonium-
N 
Con Quadratic     Quadratic  
Mean depth Con Linear Linear   Linear Linear Linear 
Main land 
use 




Shading Ord  Cubic  ^6 ^6  ^6 
Macrophytes Nom Class1   Class1    
Channel 
form 
Nom   Class5     
Variation in 
width 
Ord  Cubic    Cubic  
Erosion Ord    Quadratic Quadratic   
Bank profile Nom Class2       
Variation in 
flow 
Ord Cubic Linear  ^4 Cubic Cubic  
Sludge layer Ord Linear     Linear  
Branches Ord Quadratic       
Logs Ord     Quadratic   
Mineral 
substrate 
Ord ^4 Linear Cubic  ^4 Linear  
Bank shape Nom Class2 & 3 Class3     Class3 
Bank slope Ord ^4    Cubic ^4  
Bed 
compaction 
Ord  Linear Linear Linear Linear Linear Linear 
Sediment 
matrix 
Ord ^4 Linear   Quadratic  Linear 
Sediment 
angularity 
Ord   ^4     
Riffle class Ord Linear     Linear-
Quadratic 
Linear 
Table 6.2 presents the summary of the environmental variables with significant random 
effects for each feeding group. The variances and standard deviations of the random effects 
are shown in Appendix Table 6.9. A significant random slope effect indicates that the 
corresponding feeding group responds differently towards the specified environmental 
condition in at least one of the regions. We conclude that, in general, most of the feeding 
strategies responded similarly towards most of the environmental variables (Appendix Table 
6.10), except in a few cases (Table 6.2; Appendix Table 6.1-6.7) in which significant random 
effects were observed. For instance, the piercers in Uganda responded differently to water 
velocity in comparison to the piercers in Ecuador and the Philippines (Fig. 6.1b). Likewise, 
the response of deposit feeders and filter feeders in Ecuador towards dissolved oxygen was 
different from the deposit feeders and filter feeders in the Philippines and Uganda (Fig. 
6.2b-c). Similarly, the deposit feeders and scrapers in Ecuador also responded differently to 





turbidity and COD, respectively, as compared to the deposit feeders and scrapers in the 
Philippines and Uganda (Fig. 6.3a and 6.4b). Furthermore, the predators and shredders in 
Uganda responded in another fashion to turbidity and COD, respectively, than the predators 
and shredders in Ecuador and the Philippines (Fig. 6.3c and 6.4c). On the other hand, in 
other instances, both the fixed effect and the random effect can have significant effects. 
This implies that the feeding group had an association with the environmental variable over 
the regions and the abundance of the feeding group responded differently to the 
environmental variable in at least one of the regions. For example, the association between 
filter feeders and water temperature had both a significant fixed and random effect (Table 
6.1 and 6.2). Congruently, the relations between scrapers and elevation had both a 
significant fixed and random effect.        
Table 6.2. Significant random slope effects for deposit feeders, filter feeders, parasites, 
piercers, predators, scrapers and shredders. The response of the specified trait class to a 
continuous (Con) and ordinal (Ord) environmental variable can be quadratically or linearly 







Parasites Piercers Predators Scrapers Shredders 
Elevation Con    Linear  Linear  
Velocity Con    Linear    
Temperature Con Quadratic Linear     Quadratic 
Dissolved 
oxygen 
Con Quadratic Linear   Linear   
Chlorophyll Con Linear   Linear    
Turbidity Con Linear   Linear Quadratic   
COD Con      Linear Linear 
Stream width Con  Linear   Linear Quadratic  
Variation in 
flow 
Ord    Linear    
Twigs Ord Linear     Linear  
Logs Ord Linear       
Bank slope Ord Linear       
Riffle class Ord    Linear    
 
  
Fig. 6.1. Estimated mean abundances as a function of water velocity for a) the fixed effects 
for deposit feeders (black line), filter feeders (green line), predators (red line), scrapers (pink 
line) and shredders (purple line) and b) the fixed effect for piercers (black line) and the 
random effect for Ecuador (red broken lines), the Philippines (blue broken lines) and Uganda 
(green broken lines). 





   
Fig. 6.2. Estimated mean abundance of a) deposit feeders b) filter feeders c) scrapers in 
relation to dissolved oxygen, where the black line represents the fixed effect and random 
effects are represented by red, blue and green broken lines for Ecuador, the Philippines and 
Uganda, respectively. The grey-coloured ends of the response curves indicate extrapolation 
outside the observed dissolved oxygen range of the corresponding region.  
   
Fig. 6.3. Estimated mean abundance of a) deposit feeders b) filter feeders and c) predators 
in relation to turbidity, where the black line represents the fixed effect and random effects 
are represented by red, blue and green broken lines for Ecuador, the Philippines and 
Uganda, respectively. 
   
Fig. 6.4. Estimated mean abundance of a) deposit feeders b) scrapers and c) shredders in 
relation to COD, where the black line represents the fixed effect and random effects are 
represented by red, blue and green broken lines for Ecuador, the Philippines and Uganda, 
respectively.  






6.4.1 Data considerations 
The collected data were essential to obtain relevant results. Accordingly, we identified the 
main strengths of the data. The number of sampling points collected per region is relatively 
large in comparison to the existing data collected in the developing countries. More 
importantly, all the data in all three countries were collected in the same manner and in a 
standardized way. For example, there were 40 variables common to the three regions. 
Furthermore, sampling sites were selected to represent variability in the environmental 
variables, allowing for better model learning during model development. The data was also 
collected at regions from three different continents, which allows better comparison among 
the three different geographic locations.  
However, the data itself show weak points. The study areas have differences although all 
were taken from the tropical countries. The sampling area in the Philippines was an island 
system, while that of Ecuador was a relatively big river basin and that of Uganda was sub-
catchments within one of the districts in Uganda. The watercourses in the Philippines are 
mostly independent of each other and are relatively short (on average 25 km). On the other 
hand, the sampling sites of Uganda are found at a relatively high elevation compared to the 
sampling sites of the other regions. Furthermore, the study area in the Philippines has a 
relatively high amount of rainfall. However, in general, similar pressures (i.e. agriculture, 
urbanization) were observed in all the study areas.  
Sampling was only conducted during the dry season as the effect of seasons is not the focus 
of the study. It has been reported that seasons can affect the structure of 
macroinvertebrate communities. This is illustrated in the study of Tolonen et al. (2017), 
which observed that different environmental factors structured the macroinvertebrate 
communities in different seasons. Furthermore, macroinvertebrate assemblage structure 
differed among seasons (Blanchette & Pearson, 2013; Karaouzas et al., 2015). These 
differences highlight the importance of variability in the hydrologic environments between 
seasons (Nichols et al., 2016). A study in a tropical region, however, reveals that temporal 
variations (seasons) do not play a key role in structuring taxonomic diversity (Tonkin et al., 
2016). To our knowledge, investigation of the effect of seasons on macroinvertebrate traits 
is limited. In particular, the variation of functional feeding guilds and locomotion guilds 
depended on the seasons (Bae et al., 2016). Moreover, seasons play a role in the formation 
of functional community types (Tolonen et al., 2017). Frainer et al. (2016) also found a large 
variation in species functional composition across depths and seasons in a subarctic lake. 
The deeper habitat section of the lake, however, exhibited a stable composition of 
functional traits throughout all seasons. Most of the studies mentioned earlier are 
conducted in temperate regions. Thus, additional investigation is needed to understand 
the effect of seasonality on the functional traits of macroinvertebrates in the tropics. As 
the rainfall patterns between wet and dry seasons will modify environmental 





characteristics in tropical streams (Tonkin et al., 2016), niches for the biological entities to 
inhabit might be affected. Tropical river systems are highly dynamic and the strong 
seasonality in these systems plays a key role in structuring riverine food webs (Winemiller 
& Jepsen, 1998). Thus, shifts of traits can occur as a result of changes in environmental 
conditions (Usseglio-Polatera et al., 2000a; Statzner & Bêche, 2010; Doledec et al., 2011). 
However, the question remains: “To what extent do changes in environmental conditions , 
as a result of seasonal changes, alter the response of macroinvertebrate traits?” 
6.4.2 Ecological insights 
Our results indicate that, in general, the responses of all functional group are similar across 
the three regions under study, notwithstanding a few exceptions. Based on the statistical 
technique applied (the negative binomial mixed model), the traits with the same significant 
response (in terms of abundance) to an environmental variable between the regions may 
imply that the response of these traits is the same among the tropical regions. To our 
knowledge, the number of comparative studies across regions on macroinvertebrate traits is 
limited and studies are mostly focused on fish traits. Gallardo et al. (2014) nevertheless 
compared the responses of benthic macroinvertebrates along lateral gradients of 
hydrological connectivity from six large rivers located in four different climate regions 
(humid subtropical, maritime temperate, Mediterranean and dry semi-arid). They concluded 
that the patterns of macroinverterbrate trait composition were stable across hydrological 
connectivity among the different climatic zones, although taxonomic composition differs 
strongly. Another study compared the biological trait and taxonomic composition in the 
Mediterranean and temperate Europe (Bonada et al., 2007b). They concluded that trait 
community composition varies to a lesser extent than taxonomy-based composition among 
the two regions. Heino et al. (2013) stressed that the knowledge of the spatial variability of 
organismal traits along environmental gradients is insufficient and that the question of how 
the trait composition of stream communities varies along environmental gradients is far 
from settled. Our study, however, provides information on how the abundance of 
macroinvertebrate traits evolves along gradients of environmental variables among the 
tropical regions.  
Our results reveal that water velocity plays a key role on the abundance of the feeding 
strategy traits. In particular, the number of traits either linearly or exponentially increases as 
the velocity increases. The increase in the count of traits may infer an increase in functional 
capacity of the specified stream site. Our results, therefore, support the claims that velocity 
is the key variable influencing the macroinvertebrate community structure (Brooks et al., 
2011; Forio et al., 2015; Damanik-Ambarita et al., 2016a; Forio et al., 2017b). 
The significant association between macroinvertebrate traits and hydromorphological 
variables signifies the importance of these variables in shaping macroinvertebrate 
community structure. It is reported that hydromophological degradations are strong 





predictors of taxonomic structure and functional composition of benthic invertebrates (Feld 
& Hering, 2007). Friberg (2014) also stressed the importance of habitat degradation and 
physical complexity in lotic ecosystems on macroinverterbrate communities. In another 
study, Elosegi et al. (2010) concluded that hydromophological attributes (channel form) play 
a role in biodiversity. Thus, the linkage between macroinvertebrate traits and 
hydromorphological variables is coherent.    
Our results reveal that as the COD concentration increases, the number of deposit feeders 
exponentially increases. The increase of COD concentration indicates organic enrichment. 
Deposit feeders become abundant in a system with a relatively high organic content 
(Peterson et al., 1996; Cardell et al., 1999; Guilpart et al., 2012). Hence our results provide a 
sound trait-environment relationship.   
The differences in the response of some feeding groups to certain environmental 
characteristics could be attributed to the substantial differences between the regions. For 
instance, the response of piercers and scrapers to elevation is different. Likewise, the 
responses to water temperature of deposit feeders, filter feeders and predators are 
different. This can be explained by the dissimilarities in elevation and temperature between 
regions, as observed in Fig. 3.5. Although the general response of each functional group was 
similar between the three regions being studied, there were a few exceptions. These 
dissimilarities can be attributed to either the system and climate differences between 
regions, or simply to different responses of these traits to these environmental variables 
among the regions. This, however, implies that for traits with similar responses across 
regions, the system and climatic differences among regions negligibly contribute to the 
variation of the traits’ responses. Nevertheless, the extent to which global environmental 
factors (i.e. climate) and local biotic and abiotic factors (i.e. habitat structure, water 
chemistry) contribute to the differences in responses, requires further investigation 
(Gallardo et al., 2014).  
6.4.3 Implications for biomonitoring and assessment  
According to Doledec et al. (1999), a tool for biomonitoring and assessment “should (1) be 
as general as possible with respect to its geographic application; (2) be as specific as possible 
by separating different types of human impact on a given ecosystem; (3) reliably indicate 
changes in human impact of a particular type and (4) be derived from a sound theoretical 
concept in ecology”. Based on the results in this chapter, traits which respond similarly and 
significantly to an environmental characteristic can be used for developing trait-based 
biomonitoring tools across the tropical regions. It was shown that feeding group traits 
responded to changes in environmental characteristics and therefore, these traits have a 
potential in discriminating different types of human impacts. However, this chapter only 
focuses on feeding strategies. Other traits such as locomotion, respiration and life cycle can 
be explored to determine whether the responses of these traits to environmental conditions 
are similar among the tropical regions. The development of trait databases in the tropics is 





suggested. Alternatively, the actual measurement of traits such as body size and body 
length can be implemented.  
6.5 Conclusions  
The general association in terms of the abundance of each functional group with the 
environmental condition is similar between the three tropical regions being studied, except 
in a few cases. These exceptions can be attributed to either the dissimilarities of the 
systems, the different climate among regions, or the different responses of these traits to 
these environmental variables among the regions. However, we can infer that the traits with 
the same significant response to an environmental variable are the same among the tropical 
regions and therefore can be used for developing trait-based biomonitoring assessment 
tools across the tropical regions. 





























I believe in intuition and inspiration. Imagination is more important than knowledge. 
For knowledge is limited, whereas imagination embraces the entire world, stimulating progress, 
giving birth to evolution. It is, strictly speaking, a real factor in scientific research.  
 
-Albert Einstein- 






The overall results of this study provided insights into the associations between 
macroinvertebrate traits and environmental conditions of the riverine ecosystem. 
Particularly, the abundance of most feeding strategies increased as stream velocity 
increases among the three countries (Ecuador, the Philippines, Uganda). This chapter 
provides a general discussion of the research methodologies applied in data collection, 
insights into data pre-processing, the relevance of the results and the statistical modelling 
approaches, and the ecological implication of the discovered relations. Most importantly, 
data transformation was avoided as appropriate statistical methods were used. Results 
indicate that the response functions between traits and environmental conditions can be 
linear or non-linear (e.g. quadratic). Thus, a generalization of the response functions in 
future trait-analyses may suggest wrong conclusions. Furthermore, the findings of this study 
provided information on the mechanistic understanding on why macroinvertebrate 
composition shifts as the environmental conditions alter and provide links to environmental 
and biological data to ecosystem functions. Moreover, this chapter demonstrated the 
potential application of macroinvertebrate traits in environmental monitoring, assessment 
and management in tropical regions. For instance, the comparative analysis allows the 
determination of which trait modality responds in a similar way among the three countries. 
This demonstrates the potential of a single trait-based biomonitoring and assessment tool 
applicable to the tropical regions. Suggestions on how traits can be used as management 
goal include: determination of trait composition or diversity at the natural locations and 
compare this with the potentially disturbed sites; identification of environmental tipping 
points where the function starts to (dis)appear; confirmation of ecological thresholds set by 
international agencies; determination of the trait composition of a system with optimal 
functioning and therefore an optimal functioning has to be defined or characterized; and 
the findings of the study can be used as a baseline information to develop a trait-based 
indicators/indices to detect environmental degradation and/or specific stress. The 
discussion ends with recommendations for further research which are: collection of 
additional data from other tropical regions and reanalyse the data with the new datasets, 
investigate the causal relationships, development of model toolbox/software to 
automatically analyse the data using the methodology developed in this study, exploring 
other modelling and predictive techniques, and evaluate the effect of false discovery rate 
controlling strategies.       
  






The results obtained from this PhD study provided insights into the associations between 
macroinvertebrate traits and environmental conditions of the riverine ecosystem in tropical 
regions. Both the natural and anthropogenic (pollution and hydromorphological alterations) 
conditions contribute to the shifts of macroinverterbrate trait communities. In order to 
better understand how the traits alter as a result of changes in the environmental 
conditions, a sound methodological procedure is necessary. Thus, the case study in the 
Philippines focuses on investigations and documentation on data pre-processing and 
analytical procedures (cf. Chapter 4). Data pre-processing in trait analysis is of paramount 
importance. In particular, the different methods of estimating/quantifying trait abundance 
(even-distributed, weighted, dominant, all) have a significant effect on the determined 
major patterns and ecological interpretation. Macroinvertebrate trait abundances can be 
linearly or non-linearly (i.e. quadratically) associated with certain environmental variables. 
Results reveal that at least five feeding habit modalities were related to water conductivity, 
velocity, pH, temperature, ammonium-N concentrations and sediment composition of the 
bed substrate. With the case study in Ecuador (cf. Chapter 5), the environmental variables 
water velocity, turbidity, land use, degree of shading and sediment were related to 
numerous (>20) trait modalities. Specifically, low water velocity and turbid waters 
supported a lower number of traits. Gilled invertebrates dominated in forest and arable 
lands, while tegumented invertebrates dominated in residential areas. Chapter 6 indicated 
that the abundance of most feeding groups increased with increasing water velocity and 
respond similarly among the three regions (Ecuador, the Philippines, Uganda). Furthermore, 
for all feeding groups, most of the responses to gradients of environmental variables were 
similar across the three tropical regions, except in a few cases. The exceptions can be 
attributed to either the dissimilarities of the system and climate among the regions, or to 
different responses of these traits to these environmental variables among the regions. The 
findings of all studies indicate the importance of various kinds of environmental variables 
(chemical, physical, hydromorphological) in structuring the macroinvertebrate composition 
in a tropical riverine system. Strikingly, all case studies reveal consistent relations between 
flow velocity and macroinvertebrate traits. All individual analyses and results were 
presented and elaborated upon in the individual chapters. The discovered relations 
illustrate the applicability of macroinvertebrate traits in monitoring and assessment of the 
environment across the tropical regions. More importantly, traits provide a mechanistic 
understanding of the compositional changes and are linked to ecosystem functioning.  
This study only focuses on the responses of a few biological traits (feeding strategy, 
locomotion, reproduction, respiration, maximal potential size) to certain local 
environmental variables. The temporal and seasonal effects are not covered in this study, 
and only three tropical river systems were studied. Nevertheless, the study of the response 
of a few biological traits to certain environmental variables is a major step towards a more 
integrated environmental monitoring and assessment, and a wider and more balanced 





understanding, allowing the formulation of relevant policies by policy makers, optimal 
environmental management strategies and cooperation among stakeholders.  
The aim of this chapter is to link the results and discussions of the previous chapters, and 
presents the general aspects regarding the application of macroinvertebrate traits in 
environmental monitoring, assessment and management in the tropical riverine systems. 
This chapter will discuss some practical aspects such as data collection, data pre-processing 
and modelling, ecological implications of the findings, the applicability of macroinvertebrate 
traits in environmental monitoring, assessment and management, and the relevance of trait 
studies in the tropical regions. The dissertation ends with some recommendations for 
further research related to this topic. 
7.2 Data considerations 
7.2.1 Introduction 
Data collection is crucial in the development of data-driven models. In order to gain insights 
into the effect of environmental conditions on trait-composition of macroinvertebrates in 
tropical rivers, an appropriate sampling design and methods are necessary. This chapter 
discusses three considerations related to data collection for the purpose of using 
macroinvertebrate traits in environmental monitoring, assessment and management in the 
tropical regions. These three points answer questions related to which environmental 
variables are needed (Sections 7.2.2-6), the differences between the three systems (Section 
7.2.7) and the temporal and seasonal considerations of data collections (Section 7.2.8).     
7.2.2 Limitations of the data  
The first point answers the question of what environmental variables need to be measured 
and recorded. The number of observations collected in the three tropical regions is 
relatively high as data are generally scarce in these regions, which goes with the fact that 
most of the laboratory facilities in developing countries are not well equipped and lack 
standardized protocols. The environmental variables measured in this study cover many 
features of the riverine system, such as the water chemistry, biological 
(macroinvertebrates), physical and hydromorphological properties. As a result, 50 abiotic 
variables aside from the biotic data were recorded and measured. More importantly, these 
observations were collected in the same manner and in a standardized way in all three 
regions. Despite the strengths of the data collection, it is not free of flaws. For instance, 
although the total phosphorus, total nitrogen, nitrite-nitrogen were measured in Ecuador, 
the measurements were mostly below the detection limit. In particular, the detection limit 
for total phosphorus is much higher in comparison to the reported water standards for 
aquatic life in river systems set by environmental agencies in developed countries. 
Therefore, these measurements were not included in the data analysis. The measurements 
of total nitrogen in Ecuador and the Philippines were also mostly below the detection limit. 
This was one of the limitations of the analytical method which determines the total N 





concentrations in water, but it was the only reliable method available during the sampling 
campaigns.   
7.2.3 Chemical environmental variables 
Despite the numerous environmental variables measured during the sampling events, there 
are other variables that might be relevant but were not quantified (metals, pesticides, 
pharmaceuticals, …). In this study, only the basic water chemistry was measured.  However, 
there are currently various emerging contaminants which are usually present in low 
concentrations (i.e. in the order of nanogram or microgram per litre) but can cause adverse 
human health effects (Murray et al., 2010). Examples of these emerging contaminants are 
industrials, pesticides, pharmaceuticals and personal care products. Since these 
contaminants are mainly organic compounds, they can interact with the sediments and 
biota (Jones et al., 2015). The impact of emerging pollutants on the biota is not well known 
(Sruthy & Ramasamy, 2017) and studies of their effect on the ecology of organisms are in its 
infancy. Pesticides can be present in the waters in Ecuador and the Philippines as the 
farmers are applying them, but they are less likely to be found in Uganda. In analysing 
pesticides, the timing should be taken into account as the pesticide concentrations in water 
fluctuate depending on the season of field application. The other emerging contaminants, 
such as pharmaceuticals, can be present in the waters in Ecuador and maybe to a lesser 
extent in the Philippines, and only limited in Uganda. It would have been interesting to have 
measured these other compounds, but the analyses of these pollutants are too expensive in 
these regions.  
Aside from the emerging contaminants, the metal concentrations in waters could have been 
measured too. This may be relevant to the sites affected by mines and sites where the metal 
concentrations are naturally high. Quantifying metal concentrations are interesting, not only 
for the water, but also for the sediments and biota. However, again, their analyses are 
costly.    
7.2.4 Environmental variables at a larger spatial scale 
All the recorded environmental variables were locally measured. Thus, the extent to which 
environmental variables affect the biological communities on a larger scale, is unknown, 
especially in river networks (Van Looy et al., 2017). Studies reveal that more associations 
were observed between species and environmental variables that were recorded at smaller 
level scales (i.e. sub-catchment, niche-based) than at larger scales (i.e. regional scale, 
dispersal-based). However, these studies emphasized that there are benefits in considering 
both small and large-scale approaches in deriving relationships between biological entities 
and abiotic characteristics (Heino & de Mendoza, 2016; Liu et al., 2016; Manfrin et al., 2016; 
Van Looy et al., 2017). Our study only recorded land use that was estimated locally (niche-
based scale). Thus, the effect of a larger scale land use towards macroinvertebrate traits 
remains unknown in these areas. Pearson et al. (2016) concluded that catchment scale land 





use affects stream systems: the biota therein and the water chemistry. Furthermore, Tanaka 
et al. (2016) emphasized that different degradation drivers at distinct spatial scales may 
account for variation in macroinvertebrate communities. Literature highlights the 
importance of environmental variables at larger spatial scales such as land use, land cover 
and climatic data. Although the environmental variables were only collected at the local 
scale, they provided relevant ecological insights.  
7.2.5 Riparian vegetation 
Another relevant environmental variable is the riparian vegetation. In this study, it was not 
quantified although it can be partly linked to the local land use and the degree of shading 
surveys. Riparian vegetation allows streambank stability (Simon & Collison, 2002), are 
centres of biodiversity, and links between terrestrial and aquatic systems (Nilsson & 
Svedmark, 2002). Furthermore, the type of riparian vegetation possibly controls the 
diversity and abundance of shredders and affects the aquatic invertebrate assemblages 
(Graca, 2001). Another study concluded that the riparian land use was less important in 
determining community structure in large rivers than in lower order streams (Leps et al., 
2015). However, the inclusion of the type and density of riparian vegetation in 
environmental monitoring, can be of great value for a better understanding of the 
relationships between biota and abiotic variables.   
7.2.6 Biota 
Only macroinvertebrates were collected as a representative of the biological components, 
but other biota (i.e. diatoms, fish and algae) can also be of value. Traits of these other 
organisms can be considered, but the identification of e.g. diatoms and algae can be 
challenging. Additionally, the trait databases of these organisms are limited (Litchman & 
Klausmeier, 2008; Tapolczai et al., 2016). Fish, on the other hand, are not always present at 
the selected sites and their migratory behaviour makes it even more challenging for 
monitoring. Advantages of macroinvertebrates include: 1) they are relatively immobile; 2) 
they reside in the benthic habitat for at least part of their life; 3) they have varying 
sensitivity towards disturbances in the aquatic environment (Rosenberg & Resh, 1996; 
Morse et al., 2007). However, the identification remains time-consuming, and they can be 
highly dynamic (i.e. composition may differ between regions, depend on the type of water 
body, on the order of the river, between seasons). In this study, the macroinvertebrates 
were identified only to the family level as most of these taxa are not yet identified to the 
species or genus level and the identification keys are not yet available. Gayraud et al. (2003) 
and Doledec and Statzner (2010), however, concluded that family identifications are 
sufficient for studies in river monitoring with macroinverterbrate traits. Furthermore, the 
biological traits (feeding strategy, locomotion, respiration, reproduction, maximal size) 
selected in this study, are less likely to vary among species as observed in the database of 
Tachet et al. (2010).    





7.2.7 The three study areas 
The second point answers the question of how different are the three systems (Guayas 
River basin in Ecuador, Leyte island in the Philippines, Kasese district in Uganda). One of the 
main objectives of this study is to determine if the response of trait to a gradient of an 
environmental variable is different among the tropical regions. Hence, the physical 
differences among regions are an important aspect to confer. 
The three systems being studied have noticeable dissimilarities (Table 3.1). For instance, the 
Guayas River basin (Ecuador) is a large river basin, whereas the sites in the Philippines are 
situated in an island system consisting of numerous small river basins. The sites in Uganda 
are located in three sub-catchments within one of the country’s district. The Ugandan sites 
are situated at a rather high elevation in comparison to the two other regions. The different 
elevations are also linked to the air temperature variations between the regions. Although 
the Guayas River basin has an elevation higher than 2000 meters above sea level (m a.s.l.), 
most of the sites were collected at an elevation lower than 500 m a.s.l. and the majority of 
the basin has an elevation of lower than 1000 m a.s.l. (Fig. 7.1). In particular, 46% of the 
basins are located at less than 200 m a.s.l. (Frappart et al., 2017). The amount of rainfall in 
the Philippines is larger than in the two other regions. Typhoons also commonly occur in the 
Philippines. In general, most human activities are similar in all three regions, except the 
source of electric power, some types of the crops cultivated, some minerals mined, and the 
presence of tourism, the absence of aquaculture in Uganda. Among the study areas, the 
Ugandan sites had the highest fraction of natural sites, while the Ecuadorian sites had the 
lowest (Damanik-Ambarita et al., 2016b; Forio et al., 2017a; Musonge et al., submitted). 
Therefore, it is more likely that there are more disturbances due to human activities in the 
Ecuadorian sites and only to a lesser extent in the Ugandan sites. The Ugandan water 
chemistry is also a bit different in comparison to the two other regions. The chemical oxygen 
demand (COD), dissolved oxygen (DO), chlorophyll, total N and nitrate-N concentrations 
were quite high, but the specific conductivity was rather low. On the other hand, the sites in 
the Philippines had relatively low COD concentrations. It would have been ideal if the three 
systems were similar; this would have been helpful to precisely answer the second main 
objective of this study. However, the selection of the study areas is limited by the availability 
of the logistic and administrative (e.g. sampling permits) requirements. The system 
differences between the regions can be considered as a strength as it provided valuable 
insights into how traits would respond in each of these system types. Despite the 
differences between the study areas, the similarities of these regions are one of the main 
strengths of the study design. In particular, the general climatic conditions are similar, and 
all areas are situated in the tropics and two of them are situated near the equator.      
  






Fig. 7.1. Elevation ranges at the Guayas river basin; the black dots represent the sampling 
sites (after Damanik-Ambarita et al. (2016b)).    
7.2.8 Temporal and seasonal considerations for data collection 
The third point answers the question of when the samples should be measured or taken. In 
this study, all the samples were taken during the dry season, for safety and accessibility to 
the sampling sites. Both the samples in Ecuador and Uganda were taken by the end of the 
dry season and when the rainy season is about to start, while the samples in the Philippines 
were taken during the mid of the dry season which is the driest period of the year. 
Nevertheless, precipitation sporadically occurs even during the dry seasons at the study 
area in the Philippines. It was estimated that the lowest water level and extreme values 
(nutrients, conductivity) most likely occur during the dry seasons (Nguyen, 2017). As it has 
been reported that season can affect the structure of macroinvertebrates communities (cf. 
Section 6.4.1), we suggest to conduct the sampling also during the wet season. The water 
chemistry can be dynamic between seasons, within the season and within the day. For 
instance, within the day, the COD concentration may drastically change due to the discharge 
of wastewater at a particular time of the day. The DO concentration can also vary from night 
to day. In particular, a site with high algal concentration can have a high DO during the day 
but low DO concentrations during the night. During the wet season, due to an increase of 
water quantity, most of the chemical compounds would be diluted, resulting in a lower DO 
concentration. On the other hand, turbidity may rise due to the increase in sediment 





erosion. Changes of the chemical concentrations within a period might also occur. For 
instance, at the start of the wet season, nutrient runoff increases, resulting in an upsurge of 
the nutrient concentrations in the water. As more rain water comes into the system, lesser 
nutrients will come into the riverine system after the runoff event, although this may 
depend on the type of fertilizer and time of application. The nutrients will be further diluted 
resulting in a lower nutrient concentration. The concentrations of the other chemical 
compounds (e.g. pesticides) will also fluctuate throughout the year, and depends on the 
time of application. To what extent the responses of invertebrates differ as a result of 
changes in the environmental conditions as in turn affected by the temporal and seasonal 
variations, remains a question. Will the abundance of traits change in response to the 
changes in the environmental conditions as a result of temporal changes? Or will the trait 
count be stable, despite the changes of the environmental conditions as a result of the 
seasons?   
7.3 Data pre-processing and model development 
7.3.1 Data pre-processing 
In this study, a data pre-processing procedure was implemented before the models were 
developed. An important step in the data pre-processing procedure was the allocation of 
traits to invertebrates. Trait databases, which were mostly developed from temperate 
regions, were used here to identify the traits of the recorded macroinvertebrates. We 
assumed that it is unlikely that the biological traits (feeding strategy, locomotion, 
respiration, reproduction) of a specified invertebrate family change from one region to 
another. These traits depend on the morphological structures of the organisms which do 
not change at the family level. We, however, recommend the development of trait 
databases for the taxa found in the tropics. Measurable traits (e.g. body size, width, 
thickness and biomass) can be considered in trait studies. They have the advantage of not 
relying on trait information from the databases. Measurements of these traits can be time-
consuming and tedious, and thus automation of these measurements would be of great 
value. In this way, the taxa do not need to be identified, and the variability of traits within a 
population can be estimated more precisely. The collected organisms just have to be fed 
into a machine that automatically measures the traits. Perhaps in the near future, the 
development of a machine would be possible which can automatically identify the 
organisms and link it to the embedded trait databases. An in situ automated measurement 
of traits can also be developed through the exploration of underwater video recording, and 
could in addition to physical measurement, also allow to determine behavioural traits 
(feeding, movement), and see how these are also space and time specific, or affected by 
other individuals (predators, competitors), food availability and abiotic conditions 
(temperature, flow, …).   





7.3.2 Negative binomial regression             
Negative binomial regressions were applied to assess 1) the shift of traits and 2) the 
evolution of trait abundance along a gradient of environmental characteristics (cf. Chapter 4 
and 5). Abundance was modelled as the response variable in the model, while each 
environmental characteristic was considered as the explanatory variables. Abundance or 
species occurrence (presence-absence) are usually combined with the environmental data 
by numerical tools called the species distribution models (Elith & Leathwick, 2009). In our 
study, traits of taxa were modelled instead of species. Most trait classes occurred at every 
site, and hence modelling the abundance is more informative than modelling the 
occurrence (presence-absence) of traits. The major strength of the approach implemented 
in this study, is the avoidance of any data transformation before statistical analysis. O'Hara 
and Kotze (2010) strongly suggested not to transform (log, square root) the count data, 
because statistical analysis of transformed count data may give wrong results. Only when 
the dispersion is small and the mean counts are large, transformations followed by normal 
linear regression can give trustworthy results. This was also elaborated in Section 4.4.2.     
7.3.3 Mixed model          
To determine whether the responses of traits to a gradient of environmental variables were 
similar among the tropical regions, a negative binomial mixed model regression (NBMM) 
was implemented. Both the linear and quadratic effects of the numerical explanatory 
variable on the trait abundance were tested (cf. Section 4.4.3). According to Zuur et al. 
(2009), both generalized linear mixed models (GLMM, i.e. NBMM) and generalized 
estimating equations can be used when the assumptions of independence are violated. A 
spatial correlation of observations within each region most likely occur as observations close 
to each other tend to have similar values, thus the assumption of independence is violated.  
Population average models typically use a generalized estimating equation (GEE) approach 
(Hubbard et al., 2010). The difference between GEE and GLMM is that the coefficients from 
GEE regressions are marginal effects (i.e. the effects average across all the three countries) 
while the coefficients from GLMM are conditional on the source of intra-class correlation, 
(i.e. the effect within each country estimated through the random effect). GLMM also 
provides the general effect among all the countries which is estimated through the fixed 
effect. In this study, we were interested in both the general effect among all countries and 
the effect within the countries and thus GLMM was more suitable than GEE. Furthermore, 
with the GLMM procedure employed in this study, the conclusions do not reduce to the 
three countries included in this study but are more generally valid to all countries from 
which the three countries can be considered as a random sample (tropical regions).    
7.3.4 Modelling procedure 
In this study, the abundance of each trait class (modality) was modelled as a function of 
each environmental variable. This was tedious and time-consuming work, but the procedure 





was relevant as substantial relations were discovered (cf. Chapters 4-6). Abundances of 
combination of traits (e.g. trait diversity, functional diversity indices) can also be modelled 
as a function of the environmental variables. However, to date, there is still no consensus on 
which traits of macroinvertebrates should be used to calculate functional or trait diversity 
(Schmera et al., 2017). Furthermore, this study only focuses on five biological traits as the 
information of the other traits were not available for most of the recorded taxa.  
7.4 Traits, ecosystem function and ecosystem services 
The definition of some terminologies used in this section is presented in Table 7.1. This 
section discusses the links between the traits of biota, ecosystem function and ecosystem 
services.  
Lavorel and Garnier (2002) presented the conceptual framework for the effects of 
environmental changes on biodiversity, which in turn affects traits of biota, and ecosystem 
functioning (Fig. 7.2). The framework provided the links between traits of taxa and 
ecosystem functions. Ecosystem function, in turn, is related to the ecosystem services 
(Costanza et al., 1997). Costanza et al. (1997) stated that ecosystem functions do not 
necessarily show a one-to-one correspondence with ecosystem services. For instance, one 
single ecosystem service is a product of two or more ecosystem functions, and vice versa. 
For example, the ecosystem service ‘waste treatment, pollution control and detoxification’ 
is supported by the ecosystem functions ‘recovery of mobile nutrients and removal or 
breakdown of excess or xenic nutrients and compounds’. Human activities, in turn, cause 
environmental and ecological changes contributing to global change (Chapin Iii et al., 2000; 
Cardinale, 2012). Global change leads to changes in biodiversity and ecosystem functions. 
This cyclic consequences is illustrated in Fig. 1.1. As traits are linked to ecosystem functions, 
and ecosystem functions are related to ecosystem services, our study provided the first 
steps towards linking traits and ecosystem services.  
Table 7.1. Definition of terminologies (after Cardinale (2012)). 
Terms Definition 
Biodiversity is the variety of life, including variation among genes, 
species and functional traits. It is often measured as: richness is a 
measure of the number of unique life forms; evenness is a measure 
of the equitability among life forms; and heterogeneity is the 
dissimilarity among life forms 
Ecosystem functions defined as the ecological processes that control the fluxes of 
energy, nutrients and organic matter through an environment  
Ecosystem services defined as the suite of benefits that ecosystems provide to 
humanity such as the production of renewable resources i.e. food, 
wood, fresh water  
 






Fig. 7.2.  Conceptual framework for effects of environmental changes on biotic community 
structure (or biodiversity) and ecosystem functioning (after Lavorel and Garnier (2002)) (a) 
The response of community structure to environmental conditions is a result of species 
response traits (Simplification of filter theory of Keddy (1992) and Woodward and Diament 
(1991)) where “response traits” are traits of species that respond as a result of changes in 
environmental conditions. (b) Framework of predicting the ecosystem consequences of 
environmental changes via species effect traits (Chapin Iii et al., 2000) where “effect traits” 
are the traits that determine effects of species on ecosystem function. (c) Conceptual 
framework that articulates environmental response and ecosystem effects through varying 





degrees of overlap between relevant traits (Lavorel & Garnier, 2002). Lavorel and Garnier 
(2002) integrated the conceptual frameworks a and b which is presented in diagram c. They 
hypothesized that: (1) “traits can simultaneously explain individual species responses to 
biotic and abiotic factors, and ecosystem effects such as propensity to disturbance; (2) 
ecosystem functioning is predictable from community composition if those traits involved in 
the response to environmental conditions can be used to estimate ecosystem processes; (3) 
functional linkages and trade-offs among traits determine whether filtering by different 
factors matches or not, and whether ecosystem effects can be deduced easily from 
knowledge of the environmental conditions.” 
7.5 Invertebrate traits in lakes, estuarine and marine systems 
This study only focuses on freshwater river systems. Trait responses in other water systems 
such as estuarine/marine and lake/reservoir might be different than in freshwater systems 
due to their salt content and water stagnancy property, respectively.  
Studies on the application of invertebrate traits in marine and estuarine assessment and 
management are scarce. However, a study indicated that trait assessment based on 
abundance distinguished more clearly between sewage contaminated and uncontaminated 
estuaries (Gusmao et al., 2016). Functional traits were also successfully tested to indicate 
metal contamination in the estuarine system (Pilo et al., 2016). However, Reid et al. (2011) 
reported that biological traits were not predictive of the effects of sedimentation in 
estuarine areas. van der Linden et al. (2016a) also demonstrated that two functional indices 
were not effective in indicating an anthropogenic disturbance in a coastal system which 
could be a result of analysing traits that did not have a strong link with disturbance. Thus, 
the findings and methodology of our study are of paramount importance as it aids in the 
identification of traits that are linked to certain environmental conditions (natural and 
disturbances) and also provide insights into how the abundance of a certain trait modality 
behaves along a gradient of an environmental variable.  
There are more trait studies in lake and reservoir systems than in marine and estuarine 
systems. Some of these studies include the spatiotemporal distribution of functional traits in 
subarctic lakes in Norway (Frainer et al., 2016); effect of human development on 
invertebrate traits in lakes in the USA (Twardochleb & Olden, 2016) and in Laurentian Great 
Lakes coastal wetlands assessment (Kovalenko et al., 2014); the application of traits in the 
assessment of boreal lakes (Alahuhta & Aroviita, 2016) and Onondaga Lake in New York 
(Johnson & Ringler, 2014); and the assessment of water level fluctuations of natural lakes in 
Ireland (Evtimova & Donohue, 2016). Studies in the tropical lakes are minimal and little is 
known on these systems.  
Some of these lakes, estuarine and coastal systems are part of or connected to watersheds. 
Thus, studies of the effect of traits in these systems are valuable in order to design an 
integrated watershed management strategy. Though this thesis did not investigate the 





marine and lake systems, this study provided a major step towards a more integrated 
environmental assessment and management.     
7.6 Macroinvertebrate traits and the river continuum concept (RCC) 
The river continuum concept (RCC) was proposed by Vannote et al. (1980)  which attempts 
to explain a continuous gradient of physical conditions from source to mouth within a river 
system (Fig. 7.3). It also indicated that structures of biotic communities and functional 
characteristics are adapted in function of energy inputs (i.e. organic matter) along the river. 
The RCC was conceived based on the “existing data” from geomorphology, hydrology, 
biogeography, and natural history in North America. Particularly, the RCC suggests that, at 
headwater, the organisms are dominated by shredders due to the presence of coarse 
particulate organic matter (CPOM), and by collectors due to the presence of fine particulate 
organic matter (FPOM) from fragmented leafs. Subsequently, at middle reaches, collectors 
and grazers dominate due to the presence of algae and FPOM. Lastly, at the lower reaches, 
the macroinvertebrate communities are dominated by collectors due to the presence of 
only the FPOM. The RCC was able to predict the response of macroinvertebrate biological 
patterns to longitudinal zonation (Newson & Newson, 2000) and the macroinvertebrate 
community in a tropical island (Greathouse & Pringle, 2006). However, a study suggests that 
community patterns in short coastal streams (1 to 10 km) are not predicted by the RCC 
because of the steep gradient and the presence of waterfalls and cascades (Blanco et al., 
2014). Ibanez et al. (2009) and Covich et al. (2009) also found differences in the expected 
predictions of the RCC which can be linked to the differences in energy availability between 
the temperate and tropical systems and the complexity in tropical insular drainages 
combined with land use variability.  






Fig.7.3. Graphical representation of the River continuum concept of Vannote et al. (1980). 
(photo adapted from Claire (2012)).  
Based on the RCC, the trait composition may depend on the stream order. Although with 
the presence of disturbances (e.g. dams, urbanization and other anthropogenic stressors), 
the RRC might not be able to predict the trait composition of invertebrates. This study, 
however, provides insights into the changes of traits in response to varying environmental 
conditions.     
7.7 Ecological application of traits for assessment 
In this section, the following aspects will be elaborated: 1) the ecological implications of the 
findings, 2) how macroinvertebrate traits can be applied in river monitoring, assessment and 
management in the tropics, and 3) the potential application of macroinvertebrate traits in 
spatial planning.    
7.7.1 Ecological implications – velocity  
Firstly, in Chapters 4-6, it has been observed that water velocity was significantly associated 
with most trait modalities, with the abundance of traits increasing as the water velocity 
increases. It has been reported that flow velocity is strongly linked to the ecological quality 





of rivers (Forio et al., 2015; Damanik-Ambarita et al., 2016a) and affects sensitive 
macroinvertebrate taxa (Timm et al., 2011; Pan et al., 2012). Furthermore, flow velocity 
determines either the accumulation or the washing out of undesired chemical pollutants. 
For instance, low flow velocity may cause accumulation or slow movement of undesirable 
chemical pollutants (e.g. pesticides, micro-pollutants, nutrients, organic pollutants). An 
accumulation of nutrients may result in a high chlorophyll concentration. Additionally, flow 
velocity facilitates the dissolution of oxygen in the water. The higher the flow velocity, the 
better is the dissolution of oxygen. As dissolved oxygen is essential in the occurrence of 
most macroinvertebrates, higher flow velocity aids the presence of many taxa. Thus, the 
chain effects of low flow velocity can reduce macroinvertebrate abundance (Forio et al., 
2017b).   
The discovered relations between trait modalities and velocity provide valuable insights into 
the impacts of reduced stream velocity. This supports the claims of Nguyen (2017) that 
stream velocity, which is affected by dam operations, is an important factor affecting the 
distribution of biological communities. Human interventions such as the construction of 
hydropower dams can alter flow velocity tremendously (Zhai et al., 2010; Haghighi et al., 
2014; Nguyen, 2017). Dams reduce discharge flows and cause the water velocity to drop 
(Zahar et al., 2008). Therefore, dam managers need to manipulate operating procedures to 
maintain economic benefit while protecting the ecological health of rivers (Arthington et al., 
2006).    
7.7.2 Ecological implications – conductivity and turbidity 
It was observed that the conductivity of water plays a key role in the abundance of feeding 
habits in the Philippines (cf. Chapter 4) but to a lesser extent in Ecuador (cf. Chapter 5). 
Likewise, turbidity is strongly linked to the traits in Ecuador, but only to a lesser extent in 
the Philippines. In particular, all the feeding modalities in Ecuador were associated with 
turbidity, but they were only associated with four feeding modalities in the Philippines. The 
pattern of associations is generally similar for the two countries: decreasing trait counts as 
the water becomes more turbid. However, these differences (significant associations with 
conductivity and turbidity) could be attributed to the differences in systems. Again, the 
sampling sites in Ecuador was taken from a big river basin while the sampling sites in the 
Philippines were selected from an insular system in which the watercourses are mostly 
independent of each other and the rivers are relatively short (<25 km).   
7.7.3 Ecological implications – hydromorphological variables 
Hydromorphological variables (i.e. bed substrate, shading, local land use) were associated 
with the trait modalities (cf. Chapters 4-6). These findings reveal the importance of these 
variables in structuring the functional composition of aquatic invertebrates. Related studies 
on the links between macroinvertebrate traits and the hydromophological characteristics 
are limited. One study, nevertheless, revealed the relevance of benthic macroinvertebrate 





functional measures for detecting the impact of hydromorphological modifications at 
different spatial scales (Feld & Hering, 2007). Thus, the hydromorphological characteristics 
of a riverine system should be included during environmental monitoring and assessment.      
7.7.4 Trait responses among countries 
Feeding groups respond similarly to the environmental characteristics among the three 
tropical countries, except in a few cases (cf. Chapter 6). Based on the statistical technique 
applied (the mixed model), the traits with the same and significant response to an 
environmental variable among the regions may imply that the response of these traits is the 
same in the tropical regions. Although the manner of response is similar, the counts of the 
trait modalities in Ecuador are generally the lowest while the counts of traits in Uganda are 
the highest. Most likely, this is related to the stream flow in Ecuador and Uganda. The sites 
in Ecuador had relatively low stream velocities while the sites in Uganda had relatively high 
stream velocities (Section 3.4.2). The differences in the response of some feeding groups to 
certain environmental characteristics could be attributed to the substantial differences 
between the regions, or to different responses of these traits to these environmental 
variables among the regions. To avoid information overload, only the functional feeding 
groups were compared in this study. Feeding strategy was the most commonly studied trait, 
which is probably due to the assumed links between feeding and ecosystem functions 
(Schmera et al., 2017). However, the analysis can be extended to other traits (e.g.  
locomotion, respiration, life cycle) to determine if the responses of these traits are similar 
among the regions. These findings, however, provide a significant implication for river 
monitoring and assessment.  
In the past decades, the impact of pollution and river modification is commonly assessed 
based on the relation between taxonomic community composition and environmental 
conditions. However, the associations between macroinvertebrates (in terms of taxonomic 
units) and abiotic conditions can be river basin-specific (Everaert et al., 2014; Forio et al., 
2016). As a result, taxonomic-based water quality assessment developed for a certain region 
and river basin may not be transferable to other regions. Furthermore, ecological models 
developed for a specific region are less likely applicable to other regions, or the 
extrapolation of these models to other regions needs caution and extra validation (Forio et 
al., 2016). However, our findings provided prospects of applying traits in river assessment 
across the tropical regions as the results suggested that traits respond similarly across the 
tropical regions to certain environmental characteristics. Likewise, ecological models based 
on traits can be possibly extrapolated to other regions of similar climatic conditions.              
7.7.5 Application of traits in environmental assessment and management 
Secondly, the findings in this study can be used as baseline information to develop stress 
specific indicators. The methodology implemented in this study can be applied to other 
traits to determine the relations between each trait modality and each environmental 





variable. In this way, we will be able to identify trait modalities that are linked and the 
manner of their associations with certain environmental characteristics. With this 
information, a stress-specific indicator can be developed. Indicators for salinity (SPEARsalinity) 
and pesticides (SPEARpesticides) based on macroinvertebrate traits were already developed for 
the South-East Australian taxa (Schäfer et al., 2011). Thus, the development of indicators for 
certain stressors based on traits can be possible with the aid of the information obtained 
from this study. Moreover, an overall index which is based on traits can be developed, such 
as a trait index that can detect hydromorphological degradation, degradation of chemical 
water quality or deterioration of ecological quality. The advantage of developing such 
indices is its potential universality across regions with similar climatic conditions and system 
types. Thus, a model based on these indices can be possibly applicable to numerous regions. 
This minimizes costs for data collection as one model can be applied across these regions. 
These indicators or indices that detect specific stress and/or environmental degradation can 
be used to set up a management goal for rivers.  
An interesting application of the estimated curves (trait-environment relationship) is to 
confirm the ecological thresholds set by international agencies (cf. Section 4.4.5) and tipping 
points when the function begins to disappear. Ecological thresholds are defined as the point 
at which there is an abrupt change in an ecosystem quality, property or phenomenon, or 
where small changes in an environmental driver produce large responses in the ecosystem 
(Groffman et al., 2006). The curves obtained in this study can be used to determine what is 
the concentration or value of a certain environmental variable where an abrupt change of 
traits is observed or when the function is disappearing. The manager can use these values as 
a limit, for instance, for an allowable chemical concentration in the water. 
Defining functional composition and diversity at the natural or semi-natural environmental 
conditions or a system with optimal functioning would aid in setting target conditions for 
environmental management. Specifically, the functional composition/diversity at reference 
condition is compared with potentially disturbed sites. However, this remains a challenge as 
locations with semi-natural conditions are hard to find and access due to the increasing 
exploitation of natural resources even at upstream river stretches. Furthermore, a system 
with an optimal functioning has to be carefully characterized. Question remains of when we 
can say that the system has an optimal functioning. Furthermore, there is no consensus on 
which traits have to be included in estimating trait or functional diversity (Schmera et al., 
2017).  
 7.7.6 Application of traits in ecosystem services models and spatial planning 
Thirdly, value-focused approaches are recently developed and applied in decision making 
for managing the environment (Vogdrup-Schmidt et al., 2017). Specifically, the trade-offs 
between different ecosystem services (cf. Section 7.4) are modelled. For instance, the 
benefits of reducing forest and increasing agricultural production are assessed. Another 





example is quantifying the trade-offs between ecosystem service provisioning and wind 
electricity production (Egli et al., 2017). These tools can be relevant for stakeholders and 
policy-makers as these allow them to decide management actions based on the preferred 
services, while providing an estimate of the effect on other services. For instance, if the 
stakeholders want an increase in crop production, the best management practice will be 
given to acquire an optimal crop production, but it will also provide its impact on other 
ecosystem services such as water provisioning. In relation to this study, in the previous 
paragraph we have provided the connection between ecosystem services and traits of taxa, 
particularly its relation to the abiotic conditions. The discovered relations can therefore be 
incorporated in ecosystem services models. These models can be applied to optimize land 
use and allow relevant spatial planning of watersheds that may provide a balance between 
economic benefits and conservation of biodiversity and important ecosystems.       
Finally, the decision support tools, whether ecological models or trait-environment 
relationships incorporated in ecosystem services models, need the analysis requirements 
from the managers’ and stakeholders’ points of view. The acceptability of models by 
water/environmental managers is mainly defined by their perception of the practical value 
of the model (Goethals, 2005). The results of this study highlight the discovered trait-
environment relationships that would aid in the development of robust indicator systems to 
assess the riverine systems, monitor changes in biodiversity and evaluate their potential 
effects on ecosystem functioning and ecosystem services in the tropics. 
7.8 Further research 
7.8.1 Causal relations 
This study mainly applied statistical models to study the associations between abundance of 
the macroinvetebrate traits and environmental characteristics. The discovered relations, 
however, cannot be automatically translated into causal relationships (Austin, 2002). The 
causal mechanisms should therefore be pursued through experiments (Fig. 1.2), by 
theoretical analysis or by repeating the study at a different location (Austin, 2002; Forio et 
al., 2017a). Another option is to apply causal statistical inference methods (Pearl, 2009), but 
they rely on complicated assumptions and need a thorough study before they can be 
applied. Nevertheless, the stream velocity-feeding strategies relationship revealed a 
consistent pattern across regions. Another question remains as to what extent does the 
environment conditions affect the macroinvertebrate traits and to what extent does the 
macroinvertebrate traits have an effect on the environment. For instance, as a result of 
increased organic matter, the number of deposit feeders increases. Deposit feeders, on the 
other hand, feed on organic matter in the system which results in the reduction of organic 
matter content in the water. This is one of the grey zones and is indicated in the framework 
of Lavorel and Garnier (2002) in Fig. 7.2c, and therefore a further study is needed to 
understand these interactions.  





7.8.2 Study area considerations 
The three study areas were three different riverine systems. Thus, solid inferences cannot 
be drawn in the few cases for which the trait-environment relationships were different 
across regions; whether these differences were caused by the system differences or 
whether these responses simply were disparate across regions. It would be interesting to 
compare similar systems with the same climatic conditions, such as comparing three tropical 
insular systems, or three big or small river basins, or three river systems situated at an 
altitude of 3000 to 4000 m a.s.l. This would have been ideal for comparative studies. 
However, the availability of logistic and administrative requirements is always a limiting 
factor.  
7.8.3 Effect of fish on macroinvertebrate traits 
Fish can have an effect on macroinvertebrate traits. To our knowledge, there are no studies 
investigating how fishes might affect macroinvertebrate traits. Most research focuses on the 
effect of invertebrates on fishes. For instance, Rasmussen et al. (2008) studied the foodweb-
mediated effects of metals on yellow perch in the most contaminated lakes. They observed 
that metal-sensitive large benthic invertebrates were replaced by small metal-tolerant taxa 
as a result of metal contamination. Consequently, yellow perch had severely stunted growth 
and were highly dependent on zooplankton throughout their life. Another study 
demonstrated that aquatic invasive mussels alter key ecosystem services by increasing 
water clarity, reducing primary productivity, altering zooplankton and benthic invertebrate 
assemblages and shifting the food of the commercial fish relying on nearshore benthic 
production and therefore changing energy pathways (Fera et al., 2017). Coming back to the 
question of how fishes might have an effect on macroinvertebrate traits, the presence of 
fishes could change the behaviour of invertebrates to avoid predation. As some fishes 
predate on invertebrates, it might reduce the number of invertebrates in the system, 
thereby decreasing the number of certain traits. However, under optimal environmental 
conditions, the number of invertebrates may be able to recover and immediately replace 
the lost invertebrates as a result of predation. Investigating of which traits are reduced in 
number and what are the optimal environmental conditions that allow invertebrates to 
recover as a result of fish predation is interesting for future studies.  
7.8.4 Model toolbox and software 
In order to visualize the responses of traits to gradients of environmental variables, graphs 
must be plotted as some trait-environment relationships are quadratic in nature. This is due 
to the fact that unlike a linear relationship, interpretation of a quadratic relationship is less 
straightforward. Thus, the development of a software or toolbox is suggested. This software 
will analyse the trait-environment relationships based on the statistical procedure 
developed in this study. A visualization toolbox should be incorporated displaying the 
significant trait-environment relationships. With this, determination when a certain trait 





class peaks or falls would be easier in case it is quadratically associated with a certain 
environmental variable. 
7.8.5 Modelling procedure 
In this study, the abundances of each trait class was modelled as a function of each 
environmental variable. This procedure provides insight into how each trait class evolves 
across a gradient of an environmental variable. A disadvantage of this approach is the 
complex processing and interpretation of results as the number of relationships is very 
numerous. In order to view the results in a holistic manner, all these results must be 
combined and therefore the approach can be tedious. Nevertheless, this approach provided 
a thorough insight into how each trait modality evolves across a gradient of an 
environmental variable. A holistic approach is to model a monolithic trait community 
indicator (e.g. trait diversity index) as a function of the environmental variables. However, 
consensus has not been reached on how to estimate the trait diversity of a riverine system 
(Schmera et al., 2017). Questions of what are the relevant traits that should be included in 
estimating trait diversity, how many traits should be incorporated, how representative are 
these traits to quantify the diversity, need further studies and investigation.  
7.8.6 Predictive modelling and other techniques        
This study had not investigated the variables that best predict the occurrence or abundance 
of a trait modality, as this was not the aim of this study. Future studies, nevertheless, can 
use the findings in this study, such as incorporation of variables with significant associations 
in a predictive model. Subsequently, three to five variables can be selected that best 
predicts the presence/absence or abundance of a trait class. Another statistical procedure is 
needed to answer this objective. Other modelling techniques can also be explored such as 
decision trees, and fuzzy logic, among others, to predict the occurrence or abundance of a 
trait modality. An investigation of how much an environmental variable influences or affects 
the occurrence or abundance of a trait modality is also interesting for future research. In 
order to examine this, a sensitivity analysis can be employed. Lastly, mechanistic or process-
based models can be performed to incorporate the effect of other trait interactions such as 
competition and trait plasticity.  
7.8.7 Statistical methods and tests 
In this study, negative binomial regressions with linear and quadratic effects were mainly 
implemented. However, the effect of the environmental variables to the abundance can 
perhaps have other or more complicated effects. In order to deal with this concern, additive 
models can be alternatively applied. Additive models are more flexible in the sense that no 
parametric relationship must be specified prior to the data analysis. However, these 
methods require more data (a large number of different values for the environmental 
variable, spread over a large range). Despite the flexibility of additive models, interpretation 





of model outcome is less straightforward. In contrast, linear and quadratic effects are easier 
to interpret. 
This study concluded that there was insufficient evidence in favour of variability between 
the regions. However, the normality assumptions of the random effects are hard to assess 
with only three tropical regions, and the power of the statistical tests for testing zero-
variability between the regions may be small. As a consequence, it may be anticipated that 
some of the conclusions in this study are false negatives and there is a possibility of 
variability between regions. However, the power of these statistical tests not only depends 
on the number of regions but also on the number of observations within regions (which is 
quite large). We, therefore, suggest that data from other regions have to be gathered and 
be combined with the existing data from Ecuador, the Philippines and Uganda, and 
subsequently be reanalysed.  
In this study many hypothesis tests have been performed (many environmental variables, 
traits, model selection). Each statistical hypothesis test was performed at the 5% level of 
significance, but no stage corrections for multiplicity were applied. Hence, the control for 
false positives is only guaranteed at a per-comparison level. As a consequence, this study 
may present more false positive results as suggested by the significance value of 5%. 
However, because of a large number of hypotheses tested, most of the simple correction 
methods for multiplicity to control the familywise error rate (FWER) at 5% would have 
resulted in too conservative results (i.e. too few true positive results). A better approach in 
order to correct the p-values is to control the false discover rate (FDR) at 5%, for example, 
within each chapter. This was not performed because such correction procedures are still 
not conventional in ecological research. It would, however, be interesting in future studies 
to evaluate the effect of FDR controlling strategies. It is expected that the application of 
correct FDR control strategies will increase the reproducibility of the research.  
7.8.8 Statistical method – canonical correspondence analysis (CCA) 
This study only applied regression methods. Other statistical methods can also provide 
insight into the trait-environment relationships such as canonical correspondence analysis 
(CCA). CCA is a multivariate method which elucidates the relationships between biological 
assemblages of taxa/traits and their environment (ter Braak & Verdonschot, 1995). The 
method was designed to construct synthetic environmental gradients as linear combinations 
of a set of several environmental variables. When applied to trait abundance data, the 
coefficients in the linear combination are computed such that the optimal environmental 
conditions, which are the values of the synthetic gradient for which the trait abundances are 
maximal, are maximally separated. CCA typically computes two such orthogonal gradients 
and it allows for convenient two-dimensional visualisation. The inspection of the CCA 
ordination diagram typically allows to identify traits that prefer similar ecological niches, 
and, simultaneously the graph shows how these niches are characterised in terms of the 
environmental variables. Formal statistical hypothesis testing is also possible within a CCA 





framework. Despite these attractive features, CCA has some shortcomings. For example, 
often transformations are required (e.g. log(x+1), square root). Data transformation might 
be necessary to correct the distance functions which may lead to the highest fraction of 
explained variance (Legendre & Gallagher, 2001). These data transformations were explicitly 
avoided in this study. A second shortcoming is that the method relies on the assumption 
that trait abundances show a bell-shaped response function with respect to linear 
combinations of environmental variables. However, the associations between 
environmental variables and trait abundances are not always quadratic as illustrated in our 
study. 
Improvements on classical CCA have been proposed. For example, Zhu et al. (2005) related 
CCA to a statistical model and extended the method by replacing the bell-shaped response 
function with an arbitrary, but smooth response function that can be estimated 
nonparametrically. As with GAMs, sufficient data must be available to guarantee sufficiently 
precise results. Zhang and Thas (2012) relied on this model-based CCA formulation and 
replaced the Poisson assumption for the abundances with a zero-inflated Poisson (ZIP) or a 
zero-inflated negative binomial (ZINB) distributional assumption. Particularly, the latter 
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Macroinvertebrates have been globally applied to assess water quality. The impact of 
pollution and river modification is commonly assessed based on the relation between 
taxonomic community composition and environmental conditions. Taxonomic composition 
may differ across geographic regions. Thus, extrapolation of biotic indices to other regions 
may lead to uncertainty in ecological evaluations. Recently, trait-based approaches have 
been explored to assess the conditions of freshwater ecosystems. Expressing communities 
as combinations of characteristics (traits), rather than combinations of taxa can give a more 
complete description of ecosystem structure and function. This study aims to gain insight 
into the effect of environmental river conditions on trait composition of macroinvertebrates 
and investigates if traits respond to the environmental conditions in a similar way among 
tropical river systems.  
Based on a literature review, trait-based approaches provided the needed mechanistic 
understanding for the compositional changes of macroinvertebrate communities and 
allowed the identification of indicator taxa. However, there was no consensus reached on 
trait community patterns in natural sites. Furthermore, the transferability of trait-based 
assessments across regions may depend on which region, type of system, disturbance, or 
trait metrics (e.g. trait diversity) is used. Trait-based indices were also developed (e.g. 
climate change vulnerability score (CCVS), SPEARsalinity, least impacted river reaches (LIRR)). 
Techniques such as ordination methods, generalized linear models and Rao's Quadratic 
Entropy (RQE) were commonly used to analyse or model traits. Traits have been applied in 
hydromorphological restoration and management, mitigation of impacts of climate change 
and land use management. However, in order to optimize the potential of traits in 
environmental assessment and management, trait databases should be developed and 
automation of trait measurements is also suggested. Missing investigations include trait 
studies in tropical regions, studies of the impact of the plasticity of invertebrate traits on 
ecosystem functioning, exploration of other techniques in trait analysis and modelling (such 
as mechanistic models, ANNs, BBNs and fuzzy models), and more careful addressing issues 
on pre-processing of trait data. 
As a basis to gain more quantitative insights in the abundance of traits in relation to 
environmental conditions, field data were collected in surface waters in the Guayas River 
basin (Ecuador) in 2013, Leyte island (the Philippines) in 2015, Kasese district (Uganda) in 
2014. Specifically, 50 physical, chemical and hydromorphological variables were measured 
and recorded in a standardized manner during the different monitoring campaigns. Aquatic 
macroinvertebrates were collected and identified to the family level. Trait information of 
each recorded macroinvertebrate taxa was gathered from various trait databases. The 
abundance of each trait modality (category) was allocated by using four methods, “even-
distributed”, “weighted”, “dominant” and “all”. Subsequently, the abundance of each trait 






regressions. Negative binomial mixed model was applied to determine whether there was a 
difference in trait response (in terms of abundance) to a gradient of an environmental 
variable among the three regions.  
In Leyte island (the Philippines), the abundance of each feeding habit modality was related 
to each environmental river characteristic. Furthermore, the effect of each trait abundance 
allocation methods on the trait-environment associations was investigated. At least five 
feeding habit modalities were associated with conductivity, velocity, pH, temperature, 
ammonium-N concentrations and sediment. The different methods for estimating trait 
abundance differ in determined major patterns and ecological implications. Therefore, the 
abundance estimation method applied should be explicitly described in trait-related 
research to avoid misinterpretation. Trait abundance-environment relationships can also be 
linear or non-linear and therefore a careful selection of the functional relationship should be 
performed in future trait studies. 
In the Guayas River basin (Ecuador), shifts and changes of trait abundance along a gradient 
of environmental conditions were investigated. Stream velocity, turbidity, land use, degree 
of shading and sediment were related to numerous (>20) trait modalities. Shifts of trait 
modalities were observed and for instance, low water velocity and turbid waters supported 
a lower number of traits. Addressing issues on turbidity and velocity of water may thus 
improve functional diversity and increase the functional capacity within the basin.  
We tested the hypothesis that the biological traits of macroinvertebrates in the tropical 
rivers respond similarly to the environmental conditions. Results indicated that the 
abundance of most feeding groups increased with increasing water velocity and responded 
similarly among the regions. In general, the responses of all feeding groups are similar 
across the three regions under study, notwithstanding a few exceptions. These exceptions 
can be attributed to either the dissimilarities of the system among the regions. The traits 
with the same significant response (in terms of abundance) to an environmental variable 
between the regions may imply that the response of these traits is the same among the 
tropical regions. 
The overall results of this study provided insights into the associations between 
macroinvertebrate traits and environmental conditions of the riverine ecosystem and 
demonstrate the potential application of macroinvertebrate traits in river, watershed and 
environmental monitoring, assessment and management in tropical regions. More 
importantly, traits provided the mechanistic understanding of the compositional changes 
and are linked to ecosystem functions. The findings in this study can be applied as baseline 
information to develop stress-specific indicators. Moreover, the estimated curves (trait-
environment relationship) can be used to confirm the ecological thresholds set by 
international agencies. Lastly, the discovered relations can also be incorporated in 






conditions in general. This allows relevant spatial planning of watersheds that may provide a 








Macroinvertebraten worden al heel wat jaren wereldwijd gebruikt als basis voor het 
bepalen van de kwaliteit van oppervlaktewateren. De impacten van verontreiniging en 
habitatdegradatie worden gewoonlijk beoordeeld aan de hand van de relatie tussen 
taxonomische gemeenschapssamenstelling en de abiotische milieucondities. Taxonomische 
samenstellingen kunnen evenwel substantiëel verschillen tussen geografische regio’s, terwijl 
heel wat karakteristieken (traits) en de rol die deze verschillende soorten vervullen in een 
ecosysteem toch gelijkaardig kunnen zijn. Vandaar dat karakteristieken een interessante 
aanvulling zijn voor louter taxonomische methoden en vooral kunnen helpen bij de 
beoordeling van het functioneren van ecosystemen, de aanwezige interacties en een 
informatiebron kunnen zijn bij het maken van diagnoses. Een gemeenschap beschrijven aan 
de hand van karakteristiekenabundanties in plaats van soortensamenstelling kan op die 
manier dus een meer complete en inzichtsvolle beschrijving zijn van een ecosysteem. Deze 
studie beoogt om inzichten te verwerven in het effect van riviercondities op 
karakteristiekensamenstelling van invertebraten en onderzoekt in welke mate deze 
responsen tussen tropische riviersystemen gelijkaardig zijn. 
Een literatuurstudie gaf aan dat karakteristieken-gebaseerde methoden de vereiste 
mechanistische inzichten aanleveren om verschuivingen in de samenstelling van 
invertebratengemeenschappen te begrijpen en indicator-taxa te identificeren. Enkel voor 
onverstoorde sites bleek er geen consensus te bestaan over de gemeenschapspatronen. 
Bovendien zijn de transfermogelijkheden van karakteristiekengebaseerde 
beoordelingsmethoden afhankelijk van de regio, systeemtype, verstoring en gebruikte 
karakteristiekenmetrieken (bvb. karakteristiekendiversiteit). Verschillende 
karakteristiekengebaseerde indexen werden in het verleden reeds ontwikkeld, zoals climate 
change vulnerability score (CCVS), SPEARsalinity en least impacted river reaches (LIRR). 
Verschillende technieken zoals ordinatietechnieken, generalized linear models en Rao's 
Quadratic Entropy (RQE) werden ook reeds toegepast om karakteristieken te analyzeren en 
modelleren. De karakteristiekengebaseerde methoden werden reeds toegepast bij 
hydromorfologisch herstel en beheer, maatregelen voor klimaatsverandering en 
langebruiksbeheer. Desalniettemin, met het oog op het optimaliseren van het potentiëel 
van karakteristieken-gebaseerde methoden in milieubeoordeling, zijn verschillende 
elementen vereist, waarbij vooral de ontwikkeling van betrouwbare 
karakteristiekendatabanken en automatisatie bij de determinatie van karakteristieken (op 
stalen of in het veld) bijzondere aandachtspunten zijn. Bijzondere hiaten in het onderzoek 
zijn karakteristiekengebaseerde studies in tropische systemen, consequenties van 
karakteristiekenplasticiteit van invertebraten op het functioneren van ecosystemen, en de 
toepassing van diverse gegevensanalyse- en modelleringsmethoden die wel reeds hun weg 






netwerken, vaaglogica, ... naast aspecten die gelinkt zijn aan gegevenspreprocessing en 
hiermee gerelateerde karakteristiekenallocatiemethoden. 
Als basis om meer kwantitatieve inzichten te verwerven in karakteristiekenabundanties in 
functie van milieucondities, werden veldgegevens verzameld in de Guayas rivier in Ecuador 
(2013), stromen op het Filippijnse eiland Leyte (2015) en waterlopen in het Kasese District in 
Oeganda (2014). In het bijzonder werden systematisch 50 fysisch-chemische en 
hydromorfologische variabelen op een gestandaardiseerde manier opgemeten gedurende 
de verschillende staalnamecampagnes. De aquatische invertebraten werden verzameld met 
een handnet en geïdentificeerd tot op familieniveau. De karakteristiekeninformatie van de 
verschillende taxa werd via verschillende internationale gegevensbanken verworven en 
gealloceerd aan de taxa a.d.h.v. vier methoden: ‘gelijkverdeeld’, ‘gewogen’, ‘dominant’ en 
‘alle taxon-geassocieerde’. Daarna werden deze karakteristieken gemodelleerd in functie 
van een milieuvariabele door gebruik te maken van negatieve bionomiale regressies. Een 
negatief binomiaal mixed model werd toegepast om te bepalen of er een verschil is in 
karakteristiekenresponsen (in termen van abundantie) in relatie tot milieugradienten tussen 
de drie regios. 
In de stromen op het Filippijnse eiland Leyte, werd nagegaan hoe de abundantie van elke 
voedingswijzekarakteristiek beïnvloed wordt door de milieuvariabelen. In het bijzonder 
werd hierbij ook stilgestaan bij de effecten van karakteristiekenallocatiemethoden op de 
gevonden relaties. Op zijn minst vijf voedingswijzekarakteristieken waren geassociëerd met 
conductiviteit, stroomsnelheid, pH, temperatuur, ammoniumstikstof en sediment. De 
allocatiemethoden hadden vooral hierbij een effect op de vaststelling van de belangrijkste 
sleutelvariabelen en de ecologische interpretatie hiervan. Bijgevolg is het buitengewoon 
belangrijk dat deze allocatiemethoden goed overwogen worden en expliciet vermeld 
worden bij het genereren van onderzoeksresultaten, om misverstanden en verkeerde 
interpretaties te vermijden. De keuze van het type verband (linear vs. niet-lineair) werd 
voorgesteld als belangrijk element voor verder onderzoek om deze functionele relaties meer 
systematisch te analyseren. 
In de Guayas rivier in Ecuador werden karakteristiekenabundantieverschuivingen en -
veranderingen in relatie tot milieugradienten onderzocht. Stroomsnelheid, turbiditeit, 
landgebruik, schaduw en sediment bleken hieruit sterk gerelateerd te zijn aan talrijke (>20) 
karakteristiekenmodaliteiten. In het bijzonder werd vastgesteld dat een lage stroomsnelheid 
en verhoogde turbiditeit aan de basis kunnen liggen van een verminderde 
karakteristiekendiversiteit. Maatregelen die deze variabelen positief beïnvloeden kunnen 
dus bijdragen aan een verhoogde functionele diversiteit en capaciteit binnen een 
stroombekken. 
Tot slot werd de hypothese onderzocht die stelt dat invertebratenkarakteristieken op een 






regios. De resultaten gaven aan dat de abundantie van de meeste 
voedingswijzenkarakteristieken toenamen met een verhoogde stroomsnelheid en tevens 
gelijkaardig reageerden tussen de verschillende bestudeerde regios. Dit bleek ook in het 
algemeen zo te zijn voor de meeste voedingswijzenkarakteristieken. Desalniettemin waren 
er enkele uitzonderingen die eerder kunnen te maken hebben met verschillen in de 
onderzochte riviersystemen tussen de drie regio’s. De karakteristieken met dezelfde 
significante abundantie-effecten tussen de verschillende tropische regio’s kunnen dan ook 
beschouwd worden als een bevestiging van de hypothese voor deze karakteristieken. 
De algemene resultaten van deze studie geven inzicht in de associaties tussen 
invertebratenkarakteristieken en de milieucondities van riviersystemen in tropische regios, 
en tonen ook het nut en potentieel aan voor gebruik in riviermonitoring, -beoordeling en –
beheer. In het bijzonder geven karakteristieken een belangrijke bijdrage aan de inzichten in 
het functioneren van systemen, en zijn op die manier een belangrijke aanvulling op de 
taxonomische monitorings- en beoordelingsmethoden, gezien deze meer de rol die de 
invertebraten vervullen ook weerspiegelen. Op die manier dragen deze  methoden op een 
belangrijke manier bij aan mechanistische inzichten inzake effecten van wijzigingen in de 
samenstelling van invertebratengemeenschap. De resultaten van deze studie kunnen dus 
beschouwd worden als een eerste stap en basis voor verdere ontwikkeling van stress-
specifieke indicatoren, die van nut kunnen zijn voor een meer doorgedreven diagnose van 
de ecologische kwaliteitstoestand van rivieren. Bovendien kunnen de curves die de relaties 
tussen milieuvariabelen en karakteristiekenabundantie weergeven mee ingeschakeld 
worden om milieunormen te toetsen en meer ecologisch te onderbouwen. Tenslotte 
kunnen deze karakteristieken relaties een belangrijke bijdrage geven aan 
voedselwebmodellen en analyse van processen die van belang zijn voor de diverse 
ecosysteemdiensten van waterlopen, en effecten van landgebruik hierop in het bijzonder. 
Dit kan dan in een verdere toekomst de basis zijn voor een meer onderbouwde ruimtelijke 
planning van stroombekkens, waarbij een balans tussen ecologische en economische 
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Appendix Fig. 3.4. PCA biplot of continuous and ordinal variables. The vector of the variables 
DOSat and Floodprone width were overlapping with the vectors of RiffleClass and Floodplain 
width, respectively. Therefore, both the DOSat and Floodprone width vectors were not 
included in the graph. The vectors of Erosion and Twigs were not included in the graph as 
the length of their vectors were short. The variables maximum depth, BOD5, total dissolved 
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Appendix Fig. 4.1. Estimated mean abundances of a) even-distributed TAE b) weighted TAE 
c) dominant TAE d) all TAE of deposit feeder (black), filter feeder (green), parasite (yellow), 
piercer (blue), predator (red), scraper (pink), and shredder (purple) in relation to water 
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Appendix Fig. 4.2. Estimated mean abundances of a) even-distributed TAE b) weighted TAE 
c) dominant TAE d) all TAE of deposit feeder (black), filter feeder (green), parasite (yellow), 




Appendix Fig. 4.3. Estimated mean abundances of a) filter feeder and b) predator in relation 
to nitrate N concentration of even-distributed TAE (black), weighted TAE (green), dominant 
TAE (red), and all TAE (purple). 
 
  
























































































































Appendix Fig. 4.4. Estimated mean percentage of abundance of each trait modalities in 
relation to bed substrate, where 1 is boulder dominated, 2 is cobble dominated, 3 is gravel 
dominated, 4 is sand dominated, 5 is silt and clay dominated.  
 






































Appendix Fig. 5.2. Estimated mean abundance of each trait modality in relation to COD.  
 
 
Appendix Fig. 6.1. Estimated mean abundance of a) deposit feeders b) filter feeders c) 
predators d) scrapers e) shredders in relation to stream velocity, where the black line 
represents the fixed effect and random effects are represented by red, blue and green 
broken lines for Ecuador, the Philippines and Uganda, respectively. 









Appendix Table 3.1. List of variables and the definition of each category (modified from  
Parsons et al. (2002) and (Raven et al. (1998))). 
Environmental variables Number code (Categories) Definition 
Main land use 
(both banks for  
1. Forest Land with high density of trees. Includes 
primary, secondary or tertiary forests. 
the stretch of 100m * 10m) 2. Arable Land with agricultural crops (e.g. maize, 
vegetables)  
 3. Residential Land with residential houses 
 4. Orchard Land with fruit or nut-bearing trees  
 5. Shrubs/grasses Land with shrubs of grasses 
Shading 1. No shading No shading in the sampling site 
 2. partly shaded, limited stretch 
<33%  
Less than 33% of the sampling site is partly 
shaded 
 3. partly shaded, longer stretch 33-
90%  
About 33 – 90 % of the sampling site is 
partly shaded 
 4. partly shaded, whole stretch 
>90% 
Greater than 90% of the sampling site is 
partly shaded 
 5. completely shaded, limited 
stretch >33% 
Less than 33% of the sampling site is 
completely shaded 
 6. completely shaded, longer 
stretch 33-90% 
About 33 – 90% of the sampling site is 
completely shaded 
 7. completely shaded, whole 
stretch >90% 
Greater than 90% of the sampling site is 
completely shaded 
Main macrophytes 0. Absent No macrophytes present 
 1. Submerged macrophytes Macrophytes rooted in the bottom 
sediment with the vegetative parts 
predominantly submerged 
 2. Emerged macrophytes Macrophytes rooted in the bottom 
sediment 
with vegetative parts emerging above the 
water surface 
 3. Floating macrophytes Macrophytes with roots, if present, hang 
free in the water and are not anchored to 
the bottom 
Valley form 1. Canyon  
 2. V-shaped valley  
 3. Trough  
 4. Meander valley  
 5. U-shaped valley  
 6. Plain floodwidth  
Channel form 1. Meandering  
 2. Braided  
 3. Anabranching  
 4. Sinuate  
 5. Constrained (natural)  
 6. Constrained (artificial)  
Variation in width 0.  Data collected at the reservoir 
 1.   
 2.   
 3.   
 4.   
 5.   
Extent of erosion 0. Absent Erosion is not visible 
 1. Limited Less than 30 % is eroded 
 2. Abundant More than 30% is eroded 






Environmental variables Number code (Categories) Definition 
 2. Steep  
 3. Gradually not trampled  
 4. Composite not trampled  
Variation of flow 1. Absent No variation in flow 
 2. At human constructions Variation of flow at human construction 
 3. Low Variation of flow is less than 20% 
 4. Moderate Variation of flow is between 20 – 50% 
 5. High Variation of flow is greater than 50% 
Depth of sludge layer 0. Absent There is no sludge layer present. 
 1. <5 cm When the depth of sludge layer is less than 
5 cm 
 2. 5-20 cm When the depth of sludge layer is in 
between 5-20 cm 
 3. >20 cm When depth of sludge layer is greater than 
20 cm 
Abundance of dead wood 0. Absent No dead wood present 
Twigs (diameter <3 cm) 
Branch (diameter 3-30 cm) 
1. Limited When dead wood present are less than two 
pieces 
Logs (diameter >30 cm) 2. Abundant When dead wood present are more than 
three pieces 
Pool/Riffle class 1. Class 1 Pool-riffle pattern is absent due to 
structural changes: uniform pool-riffle 
pattern due to reinforced bank and bed 
structures. 
 2. Class 2 Pool-riffle pattern is absent: uniform pool-
riffle pattern. 
 3. Class 3 Pool-riffle pattern is poorly developed: low 
variety in pools and riffles. 
 4. Class 4 Pool-riffle pattern is moderately developed: 
variety in pools and riffles but locally. 
 5. Class 5 Pool-riffle pattern is well developed: high 
variety in pools and riffles.  
 6. Class 6 Pool-riffle pattern is (nearly) pristine: 
extensive sequences of pools and riffles. 
Bank shape 1. Concave  
 2. Convex 
 
 3. Stepped 
 
 4. Wide lower bench 
 






 bank sloping 
 2. Steep 60-80
o 
bank sloping 
 3. Moderate 30-60
o
 bank sloping 
 4. Low 10-30
o 
bank sloping 
 5. Flat Less than 10
o
 bank sloping 
Bed compaction 1. Invisible Bed not visible 
 
2. Tightly packed Array of sediment sizes overlapping, tightly 
packed and very hard to dislodge 
 3. Packed Array of sediment sizes overlapping, tightly 
packed but can be dislodged moderately 
 4. Moderate compaction Array of sediment sizes, little overlapping, 
some packing but can be dislodged 
moderately 
 5. Low compaction (1) Limited range of sediment sizes, little 






Environmental variables Number code (Categories) Definition 
but can be dislodged very easily. 
 6. Low compaction (2) Loose array of fine sediments, no 
overlapping, no packing, and no structure 
and can be dislodge very easily.  
Sediment matrix 1. Bedrock Composed of bedrocks 
 
2. Open framework 0-5% fine sediment, high availability of 
interstitial space 
 3. Matrix filled contact 5-32% fine sediments, moderate availability 
of interstitial space 
 4. Framework dilated 32-60% fine sediments, low availability of 
interstitial space 
 5. Matrix dominated Greater than 60% fine sediments, interstitial 
space virtually absent 
Sediment angularity 1. Very angular  
 2. Angular  
 
3. Sub-angular  
 4. Rounded  
 5. Well rounded  
 6. Cobble, pebbles and gravel 
fractions not present 
 
Dominant mineral substrate  1.  Bedrock 
(bed of the river) 2.  Boulder 
 3.  Cobble 
 4.  Pebble 
 5.  Gravel 
 6.  Sand 
 7.  Fines 
Cross section measurement 
of the water course 
a) Floodplain width 
b) Flood prone width 
c) Entrenchment depth 
d) Average stream width 
e) Average water depth 
f) Maximum water depth  
Presence of macroalgae 0.  Absent No macroalgae (mostly filamentous) 
present 
 1.  Present Macroalgae is present 
Presence of water bufallos 0.   Absent No domesticated water buffalos present 
 1.   Present Domesticated water buffalos is present 
Presence of sand/gravel 
quarrying activities 
0.  Absent Sand/gravel quarrying are absent 
 1.  Present Sand/gravel quarrying are present 
Presence of water hyacinth 0.  Absent Water hyacinths are present 
 1.  Present Water hyacinths are absent 
Appendix Table 3.2. Abundance of families encountered in the three countries.  
Families 
Abundance 
Ecuador Philippines Uganda 
Acari 2170 55  
Aeshnidae 18  6 
Ampullariidae 37   
Ancylidae 36 53  
Arhynchobdellida indet.  2  








Ecuador Philippines Uganda 
Athericidae   1 
Atyidae  1472  
Baetidae 450 3845 7813 
Belostomatidae 9 4 43 
Blepharoceridae 4   
Caenidae 26 1895 1848 
Calamoceratidae 3 4  
Calopterygidae 35 10  
Cambaridae 14   
Ceratopogonidae 95 39 21 
Chaoboridae 20   
Chironomidae 5683 1650 6628 
Chordodidae 1   
Coenagrionidae 160 526 445 
Corbiculidae 102 220  
Corixidae 268 39 1024 
Corydalidae 18   
Coryphoridae 23   
Crambidae 25   
Culicidae 68 122 1 
Dixidae 5  7 
Dolychopodidae  1  
Dryopidae 3 1 2 
Dugesiidae 409 43 6 
Dytiscidae 37 250 1 
Ecnomidae  19  
Elmidae 284 393 382 
Empididae 6 1 8 
Ephemerellidae  62  
Erpobdellidae  2  
Eulichadidae  1  
Euphaeidae  3  
Gerridae 82 395 2 
Glossiphoniidae 212 1 9 
Glossosomatidae 8 391  
Gomphidae 44 13 116 
Grapsidae  471  
Gyrinidae 22 150 38 
Hebridae 1   
Helicopsychidae 50   
Heptageniidae  626 1135 
Heteroceridae 1   
Hyallelidae 831 1  
Hydracarina   26 








Ecuador Philippines Uganda 
Hydrobioscidae 53   
Hydrometridae 1 9  
Hydrophilidae 64 84 17 
Hydropsychidae 677 4944 2814 
Hydroptilidae 24 47  
Ischyroceridae  13  
Lampyridae 2 96  
Lepidostomatidae  44 229 
Leptoceridae 223 89 152 
Leptohyphidae 1729   
Leptophlebiidae 468 2059 67 
Libellulidae 487 127 283 
Limnephilidae  3  
Limnichidae  21  
Limoniidae 30 122 58 
Lumbricidae   14 
Lumbriculidae 4  9 
Lymnaeidae 30 5 3 
Macromiidae  48  
Macroveliidae 11   
Megapodagrionidae 19   
Mesoveliidae 62 110 3 
Muscidae   26 
Mysidae 3 4  
Naucoridae 223 699 127 
Nepidae  5 28 
Nereidae 1   
Neritidae  864  
Noteridae 3   
Notonectidae 178 13 9 
Ocypodidae 2 1  
Odontoceridae 5   
Oligoneuriidae 4   
Paguridae  22  
Palaemonidae 6 14 7 
Peltoperlidae  4  
Perlidae 40 153 24 
Philopotamidae 294 355  
Physidae 107 28 12 
Planorbidae 58 52 2 
Platystictidae 22   
Pleidae 38 64  
Polycentropodidae 11 67  
Polymitarcidae 1   








Ecuador Philippines Uganda 
Psephenidae 227 113 1 
Psychodidae   1 
Psychomyidae  41 1 
Ptilodactylidae 86  2 
Pyralidae  87 5 
Scirtidae 6 21 81 
Simuliidae 23 464 8405 
Sphaeriidae 19 8  
Sphaeromatidae  94  
Spionidae  18  
Staphylinidae 3   
Stratiomyidae 10 3 4 
Tabanidae 21 5  
Teloganodidae   338 
Thiaridae 2357 1498 4 
Tipulidae  1 56 
Trichodactylidae 1   
Trochidae  1  
Tricorythidae   158 
Tubificidae 156 40  
Veliidae 254 642 76 








Apendix Table 3.3. Trait allocation for each taxa in Ecuador (Ec), the Philippines (Phil) and Uganda (Ug) with trait classes of absorber (Ab), deposit feeder 
(DF), filter feeder (FF), parasite (Par), piercer (Pie), scraper (Scr) and shredder (Shr) for Feeding strategy, burrowe (Bur), cawler (Cra), flier (Fli), full water 
swimmer (FWS), interstitial endobenthic (IE), permanently attached (PA), surface swimmer (SS) and temporarily attached (TA) for locomotion, asexual 
reproduction (AS), clutches & cemented (CC), clutches & free (CF), clutches in vegetation (CV), clutches in terrestrial (CT), isolated eggs & clutches (IEC), 
isolated egss & free (IEF) and oviviparity for reproduction, gills (Gil), hydrostatic vesicle (HV), plastron (pla), spiracle (Spi) and  tegument (Teg) for respiration, 
1(≤0.25 cm), 2(>0.25-0.50 cm), 3 (>0.50-1.0 cm), 4 (>1.0-2.0 cm), 5 (>2.0-4.0 cm), 6 (>4.0-8.0 cm) and 7 (>8.0 cm) for maximal potential size. The values in the 
table are based on fuzzy coding obtained from a fuzzy coded trait database while the trait classes encoded with “yes” were obtained from other trait 
database.      
 
Feeding strategy Locomotion Reproduction Respiration Maximal potential size 
Families Ab DF FF Par Pre Pie Scr Shr Bur Cra Fli FWS IE PA SS TA As CC CF CV CT IEC IEF Ovi Gil HV Pla Spi Teg 1 2 3 4 5 6 7 
All in three countries 
                                    Baetidae 0 1 0 0 0 0 3 0 0 4 0 3 1 0 0 0 0 3 0 0 0 1 0 0 2 0 0 0 1 0 0 3 1 0 0 0
Belostomatidae 0 0 0 0 yes yes 0 0 0 yes 0 yes 0 0 yes 0 0 0 0 yes 0 yes 0 yes 0 0 0 yes 0 0 0 0 yes yes 0 0 
Caenidae 0 3 0 0 0 0 0 1 1 5 0 0 1 0 0 0 0 0 0 0 0 2 1 0 3 0 0 0 1 0 2 3 0 0 0 0 
Ceratopogonidae 0 1 0 0 3 0 0 1 3 1 0 3 0 0 1 0 0 3 0 0 0 1 0 0 3 0 0 0 0 0 0 1 3 0 0 0 
Chironomidae 0 3 2 1 1 0 1 2 2 3 0 1 1 0 0 2 0 1 3 0 0 0 0 1 1 0 0 0 3 0 0 1 3 2 0 0 
Coenagrionidae 0 0 0 0 3 0 0 0 0 5 0 0 0 0 0 0 0 0 0 3 0 0 0 0 3 0 0 0 1 0 0 0 3 0 0 0 
Corixidae 0 0 0 0 0 3 2 3 0 2 0 3 0 0 0 0 0 2 0 0 0 3 0 0 0 0 1 1 1 3 1 0 0 0 0 0 
Culicidae 0 2 0 0 2 0 1 0 0 0 0 0 0 0 5 0 0 0 3 0 1 0 1 0 0 0 0 3 0 0 1 3 0 0 0 0 
Dryopidae  0 0 0 0 0 0 3 3 3 3 2 0 0 0 0 0 0 0 0 1 3 0 0 0 0 0 3 3 3 0 3 0 0 0 0 0 
Dugesiidae 0 0 0 0 3 0 0 0 0 5 0 0 0 0 1 0 2 2 0 0 0 0 0 0 0 0 0 0 3 0 0 1 2 3 0 0 
Dytiscidae 0 0 0 0 0 3 0 3 0 3 1 3 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 3 1 0 3 0 0 0 0 0 
Elmidae 0 0 0 0 0 0 3 1 0 4 1 0 1 0 0 0 0 3 0 0 0 0 0 0 3 0 3 0 1 0 3 0 0 0 0 0 
Empididae 0 0 0 0 3 0 0 0 1 2 0 0 1 0 0 0 0 0 0 0 3 0 0 0 0 0 0 1 1 0 0 3 0 0 0 0 
Gerridae 0 0 0 0 1 3 0 0 0 0 3 0 0 0 4 0 0 2 0 0 3 1 0 0 0 0 0 3 0 0 0 1 3 0 0 0 
Glossiphoniidae   0 0 0 1 0 3 0 0 0 3 0 0 0 0 0 1 0 0 1 0 0 0 0 2 0 0 0 0 3 0 0 0 3 3 0 0 
Gomphidae 0 0 0 0 3 0 0 0 4 1 0 0 0 0 0 0 0 0 0 0 0 3 1 0 3 0 0 0 1 0 0 0 0 3 0 0 
Gyrinidae 0 0 0 0 0 3 0 3 0 3 1 3 0 0 3 0 0 3 0 0 0 0 0 0 3 0 0 3 1 0 2 3 0 0 0 0 
Hydrophilidae 0 0 0 0 1 0 0 3 0 3 1 3 0 0 0 0 0 0 3 0 0 0 0 0 0 0 2 3 1 0 0 0 0 2 3 0 
Hydropsychidae 0 0 3 0 1 0 0 0 0 2 0 0 0 0 0 3 0 3 0 0 0 0 0 0 3 0 0 0 2 0 0 1 3 1 0 0 
Leptoceridae 0 0 0 0 0 0 1 3 0 5 0 0 0 0 0 0 0 3 0 0 0 0 0 0 3 0 0 0 2 0 0 2 2 0 0 0 
Leptophlebiidae 0 3 0 0 0 0 0 1 0 4 0 2 1 0 0 0 0 0 0 0 0 3 1 0 3 0 0 0 1 0 0 3 1 0 0 0 
Libellulidae 0 0 0 0 3 0 0 0 1 4 0 2 0 0 0 0 0 0 0 0 0 3 2 0 3 0 0 0 1 0 0 0 0 3 0 0 
Limoniidae 0 1 0 0 1 0 0 3 3 2 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 3 1 0 0 2 3 0 0 0 
Lymnaeidae 0 0 0 0 0 0 3 1 0 3 0 0 0 0 1 0 0 3 1 0 0 0 0 0 0 0 0 0 3 0 0 0 0 3 3 0 
Mesoveliidae 0 0 0 0 0 3 0 0 0 1 1 0 0 0 4 0 0 0 0 3 0 1 0 0 0 0 0 3 0 0 3 0 0 0 0 0 
Naucoridae 0 0 0 0 1 3 0 0 0 0 1 3 0 0 2 0 0 0 0 3 0 1 0 0 0 0 0 3 0 0 0 0 3 0 0 0 
Notonectidae 0 0 0 0 1 3 0 0 0 0 2 4 0 0 2 0 0 1 0 3 0 0 0 0 0 0 1 3 1 0 0 0 3 0 0 0 
Palaemonidae 0 0 0 0 yes 0 yes 0 0 yes 0 yes 0 0 0 0 0 yes 0 0 0 yes 0 yes yes 0 0 0 0 0 0 0 yes yes 0 0 
Perlidae 0 0 0 0 1 0 0 3 0 5 0 0 0 0 0 0 0 0 2 0 0 3 0 0 3 0 0 0 0 0 0 0 0 3 0 0 
Physidae 0 0 0 0 0 0 3 0 0 3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 3 0 0 0 3 0 0 0 
Planorbidae 0 0 0 0 0 0 2 1 0 4 0 0 0 0 2 0 0 3 0 0 0 0 0 0 2 0 0 0 3 0 0 0 3 0 0 0 
Psephenidae 0 0 0 0 0 0 3 1 0 5 0 0 0 0 0 0 0 yes 0 0 0 0 0 0 3 0 0 0 1 0 3 0 0 0 0 0 
Scirtidae 0 0 0 0 0 0 3 1 0 5 0 0 0 0 0 0 0 0 0 0 3 0 0 0 3 0 0 0 1 0 3 0 0 0 0 0 
Simuliidae 0 0 3 0 0 0 1 0 0 2 0 0 1 0 0 4 0 3 1 0 1 0 1 0 1 0 0 3 3 0 2 3 0 0 0 0 
Stratiomyidae 0 2 0 0 1 0 1 3 0 3 0 0 0 0 3 0 0 2 0 0 1 0 3 0 0 0 0 3 0 0 0 2 2 1 1 0 
Thiaridae 0 0 0 0 0 0 yes 0 yes 0 0 0 0 0 0 yes 0 yes 0 0 0 yes 0 0 yes 0 0 yes 0 0 0 0 yes 0 0 0 
Veliidae 0 0 0 0 1 3 0 0 0 0 1 0 0 0 4 0 0 3 0 0 3 0 0 0 0 0 0 3 0 0 0 3 0 0 0 0 
Only in Ec and Phil 







Feeding strategy Locomotion Reproduction Respiration Maximal potential size 
Families Ab DF FF Par Pre Pie Scr Shr Bur Cra Fli FWS IE PA SS TA As CC CF CV CT IEC IEF Ovi Gil HV Pla Spi Teg 1 2 3 4 5 6 7 
Ancylidae 0 0 0 0 0 0 yes 0 yes 0 0 0 0 0 0 yes 0 0 0 yes 0 yes 0 0 yes 0 0 0 0 0 yes yes 0 0 0 0 
Calamoceratidae 0 0 0 0 0 0 0 3 0 5 0 0 0 0 0 0 0 1 3 0 0 0 0 0 2 0 0 0 2 0 0 0 3 1 0 0 
Calopterygidae 0 0 0 0 3 0 0 0 0 4 0 1 0 0 0 0 0 0 0 3 0 0 0 0 3 0 0 0 1 0 0 0 1 3 1 0 
Corbiculidae 0 0 3 0 0 0 0 0 4 1 0 1 0 0 0 0 0 0 0 0 0 0 1 3 3 0 0 0 1 0 0 0 0 1 3 0 
Glossosomatidae 0 1 0 0 0 0 3 0 0 1 0 0 0 0 0 3 0 3 0 0 0 0 0 0 0 0 0 0 3 0 0 3 0 0 0 0 
Hyallelidae 0 0 0 0 0 0 yes 0 0 0 0 yes 0 0 0 0 0 0 0 0 0 0 yes 0 yes 0 0 0 0 0 yes yes 0 0 0 0 
Hydrometridae 0 0 0 0 0 3 0 0 0 2 1 0 0 0 4 0 0 0 0 3 0 1 0 0 0 0 0 3 0 0 0 1 3 0 0 0 
Hydroptilidae 0 1 0 0 0 3 1 1 0 3 0 0 0 0 0 1 0 3 0 0 0 0 0 0 1 0 0 0 3 0 3 1 0 0 0 0 
Lampyridae 0 0 0 0 0 yes 0 0 0 0 0 yes 0 0 0 0 0 yes 0 0 yes 0 0 0 0 0 0 yes yes yes yes yes 0 0 0 0 
Mysidae 0 yes 0 0 yes 0 0 0 yes 0 0 yes 0 0 0 0 0 0 0 0 0 0 yes 0 yes 0 0 0 0 0 yes 0 0 0 0 0 
Ocypodidae 0 yes 0 0 0 0 0 0 yes 0 0 0 0 0 0 0 0 yes 0 0 0 0 0 0 yes 0 0 0 0 0 0 0 yes 0 0 0 
Philopotamidae (Ec) 0 0 3 0 0 0 2 0 0 2 0 0 0 0 0 3 0 3 0 0 0 0 0 0 1 0 0 0 3 0 0 3 0 0 0 0 
Philopotamidae (Phil) 0 0 3 0 0 0 2 0 0 2 0 0 0 0 0 3 0 3 0 0 0 0 0 0 1 0 0 0 3 0 0 3 0 0 0 0 
Pleidae 0 0 0 0 0 3 0 0 0 0 0 5 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 3 0 1 3 0 0 0 0 0 
Polycentropodidae 0 0 1 0 3 0 0 1 0 1 0 1 0 0 0 3 0 3 0 0 0 0 0 0 0 0 0 0 3 0 0 1 3 0 0 0 
Sphaeriidae 0 0 3 0 0 0 0 0 4 1 0 0 0 0 0 2 0 0 0 0 0 0 0 3 3 0 0 0 1 0 0 0 3 1 0 0 
Tabanidae 0 0 0 0 0 3 0 1 5 2 0 0 0 0 1 0 0 3 0 0 2 0 0 0 0 0 0 3 0 0 0 0 0 3 1 0 
Tubificidae (Phil) 1 3 0 0 0 0 0 0 3 0 0 0 0 0 0 0 1 3 0 0 0 0 0 0 3 0 0 0 3 0 0 0 0 0 3 3 
Tubificidae 1 3 0 0 0 0 0 0 3 0 0 0 1 0 0 2 2 3 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 3 0 
Only in Ec & Ug 
                                    Aeshnidae 0 0 0 0 3 0 0 0 0 5 0 0 0 0 0 0 0 0 0 3 3 0 2 0 3 0 0 0 1 0 0 0 0 2 3 0
Dixidae 0 0 3 0 1 0 0 1 0 1 0 1 0 0 3 1 0 3 1 0 1 0 0 0 0 0 0 3 0 0 0 3 0 0 0 0 
Lumbriculidae 1 3 0 0 0 0 0 0 0 0 0 0 1 0 0 0 3 2 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 3 3 3 
Ptilodactylidae 0 0 0 0 0 0 3 3 3 3 0 0 0 0 0 0 0 yes 0 0 0 0 0 0 3 0 0 0 0 0 2 2 3 0 0 0 
Only in the Phil and Ug                                                                         
Athericidae 0 0 0 0 0 3 0 0 0 5 0 0 2 0 0 0 0 0 0 0 3 0 0 0 1 0 0 0 0 0 0 0 0 3 0 0 
Heptageniidae 0 1 0 0 0 0 3 2 0 5 0 1 0 0 0 0 0 0 0 0 0 2 1 0 3 0 0 0 1 0 0 0 3 0 0 0 
Lepidostomatidae 0 0 0 0 0 0 1 3 0 5 0 0 0 0 0 0 0 3 0 0 0 0 0 0 2 0 0 0 2 0 0 3 1 0 0 0 
Nepidae 0 0 0 0 1 3 0 0 0 4 0 1 0 0 0 0 0 0 0 3 0 0 0 0 0 0 1 3 1 0 0 0 3 2 0 0 
Psychomiidae 0 1 2 0 0 0 3 0 0 2 0 0 0 1 0 3 0 3 0 0 0 0 0 0 0 0 0 0 3 0 1 3 0 0 0 0 
Pyralidae 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 2 3 1 0 0 0 3 2 0 0 
Tipulidae 0 2 0 0 2 0 0 3 4 1 0 0 0 0 0 0 0 0 0 0 1 0 3 0 1 0 0 3 2 0 0 0 0 3 2 0 
Viviparidae 0 0 2 0 0 0 2 1 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 0 0 0 1 0 0 0 0 3 0 0 
Only in Ec 
                                    Ampullariidae 0 0 0 0 0 0 yes 0 yes 0 0 0 0 0 0 yes 0 0 0 yes 0 yes 0 0 yes 0 0 0 0 0 0 0 yes yes 0 0
Blephariceridae 0 0 0 0 0 0 3 0 0 2 0 0 0 0 0 2 0 3 0 0 0 0 0 0 3 0 0 0 1 0 0 3 0 0 0 0 
Cambaridae 0 0 0 0 3 0 0 3 3 1 0 0 0 0 0 0 0 3 0 0 0 0 0 3 3 0 0 0 0 0 0 0 0 0 0 3 
Chaoboridae 0 0 0 0 3 0 0 0 0 1 0 5 0 0 1 0 0 0 3 0 0 0 1 0 0 1 0 0 3 0 0 0 3 0 0 0 
Chordodidae 0 0 0 yes 0 0 0 0 0 0 0 yes 0 0 0 0 0 0 0 yes 0 0 0 0 0 0 0 0 yes 0 0 0 0 0 0 yes 
Corydalidae 0 0 0 0 yes 0 0 0 yes yes 0 yes 0 0 0 yes 0 0 0 yes 0 yes 0 0 yes 0 0 yes yes 0 0 0 yes yes 0 0 
Coryphoridae 0 yes 0 0 0 0 yes 0 0 0 0 0 0 0 0 yes 0 0 0 0 0 yes 0 0 yes 0 0 0 0 0 yes yes 0 0 0 0 
Crambidae 0 0 0 0 0 yes yes 10 0 6 0 2 0 0 0 yes 0 0 0 yes 0 0 0 0 yes 0 yes yes 0 0 0 0 0 yes 0 0 
Hebridae 0 0 0 0 yes 0 0 0 yes yes 0 0 0 0 yes 0 0 0 0 yes 0 0 yes 0 0 0 yes 0 0 0 yes yes 0 0 0 0 
Helicopsychidae 0 0 0 0 0 0 3 1 1 4 0 0 0 0 0 1 0 2 0 0 0 2 0 0 0 0 0 0 3 0 0 3 0 0 0 0 
Heteroceridae 0 yes yes 0 0 0 yes yes 0 0 0 0 0 0 yes 0 0 0 0 yes 0 yes 0 0 yes 0 0 yes 0 0 yes yes 0 0 0 0 
Hydrobiidae 0 0 0 0 0 0 3 0 1 3 0 0 0 0 0 0 0 0 0 0 0 3 0 0 3 0 0 0 1 0 3 0 0 0 0 0 
Hydrobioscidae 0 0 0 0 yes 0 0 0 0 0 0 0 0 0 0 yes 0 yes 0 0 0 0 0 0 yes 0 0 0 yes 0 0 0 yes yes 0 0 
Leptohyphidae 0 yes 0 0 0 0 yes 0 0 0 0 0 0 0 0 yes 0 0 0 0 0 yes 0 0 yes 0 0 0 0 0 yes yes 0 0 0 0 
Macroveliidae 0 0 0 0 yes yes 0 0 0 yes 0 0 0 0 0 0 0 0 0 0 0 yes 0 0 0 0 yes 0 0 0 yes 0 0 0 0 0 
Megapodagrionidae 0 0 0 0 yes 0 0 0 yes 0 0 0 0 0 0 0 0 0 0 0 yes 0 0 0 yes 0 0 yes 0 0 0 yes 0 0 0 0 
Nereidae 0 yes 0 0 0 0 yes 0 yes yes 0 yes 0 0 0 0 0 0 0 0 0 0 yes 0 0 0 0 0 yes 0 0 0 0 0 0 yes 
Noteridae 0 0 0 0 3 0 0 3 3 0 1 3 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 3 3 0 3 0 0 0 0 0 







Feeding strategy Locomotion Reproduction Respiration Maximal potential size 
Families Ab DF FF Par Pre Pie Scr Shr Bur Cra Fli FWS IE PA SS TA As CC CF CV CT IEC IEF Ovi Gil HV Pla Spi Teg 1 2 3 4 5 6 7 
Oligoneuriidae 0 2 3 0 0 0 2 0 0 4 0 1 0 0 0 0 0 0 0 0 0 1 3 0 3 0 0 0 1 0 0 0 3 0 0 0 
Platystictidae 0 0 0 0 yes 0 0 0 1 3 0 1 0 0 0 0 0 0 0 0 yes 0 0 0 3 0 0 0 1 0 0 0 0 0 yes 0 
Polymitarcyidae 0 1 3 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 3 0 0 0 1 0 0 0 3 0 0 0 
Staphylinidae 2 2 0 0 1 0 1 2 1 3 0 0 0 0 0 0 0 0 0 yes 0 0 0 0 0 0 0 0 1 3 0 0 0 0 0 0 
Trichodactylidae 0 0 0 0 yes 0 0 0 yes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 yes yes 0 0 0 0 0 0 0 0 yes 0 0 
Only in the Phil                                                                         
Arhynchobdellida indet. 0 0 0 yes yes 0 0 0 0 yes 0 yes 0 0 0 0 0 yes 0 0 0 0 0 0 0 0 0 0 yes 0 0 0 0 0 0 yes 
Atyidae 0 0 0 0 0 0 1 3 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 3 3 0 0 0 0 0 0 0 0 3 0 0 
Ecnomidae 0 0 3 0 1 0 0 2 2 3 0 0 0 1 0 2 0 0 0 0 0 2 0 0 0 0 0 0 3 0 0 3 0 0 0 0 
Dolichopodidae 0 0 0 0 3 1 0 0 0 5 0 0 0 0 0 0 0 0 0 1 2 0 2 0 0 0 0 3 0 0 0 3 0 0 0 0 
Ephemerellidae 0 1 0 0 1 0 2 2 0 5 0 1 0 0 0 0 0 0 0 1 0 3 1 0 3 0 0 0 1 0 0 3 0 0 0 0 
Erpobdellidae 0 0 0 0 3 0 0 0 1 3 0 1 0 0 0 1 0 3 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 3 0 0 
Eulichadidae 0 0 0 0 0 0 0 yes 0 yes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 yes 0 0 yes 0 0 yes 0 0 0 0 0 
Euphaeidae 0 0 0 0 yes 0 0 0 0 yes 0 yes 0 0 0 0 0 yes 0 0 0 0 0 0 yes 0 0 0 0 yes 0 0 0 0 0 0 
Grapsidea 0 0 0 0 3 0 0 3 3 3 0 1 0 0 0 0 0 0 0 0 0 3 0 0 3 0 0 0 0 0 0 0 0 0 3 2 
Ischyroceridae 0 0 0 0 yes 0 0 0 0 yes 0 yes 0 0 0 0 0 0 0 0 0 0 0 yes yes 0 0 0 0 yes 0 0 0 0 0 0 
Limnephilidae 0 0 0 0 0 0 0 3 0 5 0 0 0 0 0 0 0 3 0 0 1 0 0 0 2 0 0 0 2 0 0 0 3 2 0 0 
Limnichidae 0 0 0 0 0 0 0 yes 0 yes 0 0 0 0 0 0 0 0 0 0 yes 0 0 0 0 0 0 yes 0 yes 0 0 0 0 0 0 
Macromiidae 0 0 0 0 3 0 0 0 2 3 0 0 0 0 0 0 0 0 0 0 0 0 3 0 3 0 0 0 1 0 0 0 0 3 0 0 
Neritidae 0 0 0 0 0 0 3 1 0 3 0 0 0 0 0 2 0 0 0 0 0 3 0 0 3 0 0 0 1 0 0 3 1 0 0 0 
Paguridae 0 0 yes 0 0 0 0 0 0 yes 0 0 0 0 0 0 0 yes 0 0 0 0 0 0 yes 0 0 0 0 0 0 0 0 0 0 yes 
Peltoperlidae 0 0 0 0 0 0 0 yes 0 0 0 0 0 0 0 yes 0 0 2 0 0 3 0 0 yes 0 0 0 0 0 0 0 0 yes 0 0 
Prosopistomatidae 0 0 0 0 2 0 1 2 0 5 0 0 0 0 0 0 0 1 0 0 0 0 1 0 3 0 0 0 1 0 1 3 0 0 0 0 
Sphaeromatidae 0 yes 0 0 0 0 0 0 0 0 0 yes 0 0 0 0 0 0 0 0 0 0 0 yes yes 0 0 0 0 yes 0 0 0 0 0 0 
Spionidae 0 yes yes 0 0 0 0 0 yes 0 0 0 0 0 0 0 yes yes 0 0 0 0 0 0 yes 0 0 0 0 0 0 0 0 0 0 yes 
Trochidae 0 0 0 0 0 0 yes 0 0 yes 0 0 0 0 0 0 0 0 0 0 0 0 yes 0 yes 0 0 0 0 yes 0 0 0 0 0 0 
Only in Ug 
                                    Lumbricidae 1 3 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 3 0
Muscidae 0 0 0 0 3 0 0 1 1 4 0 0 0 0 0 0 0 1 0 0 3 1 0 1 0 0 0 3 0 0 0 3 1 0 0 0 
Psychodidae 0 2 0 0 0 0 1 3 0 2 0 0 0 0 1 0 0 3 0 0 0 1 0 1 0 0 0 3 0 0 0 3 0 0 0 0 
Teloganodidae 0 0 0 0 0 0 0 yes 0 yes 0 yes 0 0 0 0 0 0 yes 0 0 0 0 0 yes 0 0 0 0 yes yes 0 0 0 0 0 







Appendix Table 4.1. Estimates and p-values of each trait modalities based on each trait 
abundance estimation (TAE) methods. NA refers to “not available” which implies that the 
model only contains terms with estimates and p-values. Highlighted and/or in bold p-values 
indicate that the estimate is not equal to zero.   
 
Even-distributed Weighted Dominant All 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
Deposit feeder                 
Intercept 3.13E+00 8.58E-42 3.47E+00 1.44E-49 3.91E+00 4.52E-57 3.97E+00 2.79E-70 
Velocity 1.60E+00 3.83E-05 1.09E+00 5.45E-03 6.55E-01 1.12E-01 1.59E+00 2.23E-05 
Filter feeder                 
Intercept 2.76E+00 5.79E-20 3.01E+00 7.63E-22 3.15E+00 3.07E-18 3.51E+00 1.23E-37 
Velocity 1.73E+00 6.24E-04 1.85E+00 4.27E-04 1.96E+00 1.24E-03 1.80E+00 8.98E-05 
Parasite                 
Intercept 6.88E-01 1.30E-02 8.73E-02 7.46E-01 -2.74E+00 4.27E-02 1.42E+00 1.78E-03 
Velocity^2 NA NA NA NA NA NA -2.19E+00 4.85E-02 
Velocity 1.29E+00 4.21E-03 1.21E+00 4.51E-03 -2.21E+00 4.90E-01 4.47E+00 4.00E-03 
Piercer                 
Intercept 2.45E+00 1.20E-24 2.61E+00 2.07E-27 2.77E+00 1.31E-29 2.93E+00 1.21E-32 
Velocity 8.17E-01 4.04E-02 1.00E+00 1.27E-02 1.09E+00 7.71E-03 9.82E-01 1.71E-02 
Predator                 
Intercept 2.79E+00 2.06E-14 3.12E+00 8.46E-53 2.99E+00 7.74E-52 3.28E+00 3.70E-20 
Velocity^2 -1.77E+00 4.95E-02 NA NA NA NA -2.13E+00 1.58E-02 
Velocity 3.67E+00 3.53E-03 9.31E-01 6.42E-03 -5.84E-01 8.15E-02 4.35E+00 4.05E-04 
Scraper                 
Intercept 3.96E+00 1.74E-200 4.01E+00 6.15E-179 3.75E+00 6.54E-55 4.55E+00 2.20E-303 
Velocity^2 8.03E-01 6.63E-04 9.11E-01 3.18E-04 1.34E+00 8.91E-04 9.64E-01 1.21E-05 
Shredder                 
Intercept 3.75E+00 2.38E-100 3.73E+00 2.92E-243 2.72E+00 3.62E-15 4.51E+00 4.39E-153 
Velocity^2 NA NA NA NA -1.72E+00 4.51E-02 NA NA 
Velocity 5.94E-01 4.46E-02 3.83E-01 5.76E-02 2.61E+00 2.84E-02 7.14E-01 1.28E-02 
Deposit feeder                 
Intercept 2.94E+00 6.18E-13 2.99E+00 3.14E-14 3.84E+00 5.62E-62 3.84E+00 3.64E-22 
Conductivity^2 -1.25E-05 1.43E-02 -9.81E-06 4.54E-02 NA NA -1.23E-05 1.32E-02 
Conductivity 8.83E-03 6.37E-03 7.72E-03 1.33E-02 1.69E-03 4.19E-02 8.48E-03 6.90E-03 
Filter feeder                 
Intercept 1.89E+00 1.70E-04 2.17E+00 3.21E-05 2.26E+00 1.74E-04 2.96E+00 1.12E-10 
Conductivity^2 -2.59E-05 4.04E-05 -2.71E-05 3.63E-05 -2.86E-05 1.53E-04 -2.34E-05 4.74E-05 
Conductivity 1.60E-02 6.04E-05 1.65E-02 6.58E-05 1.75E-02 2.51E-04 1.41E-02 1.12E-04 
Parasite                 
Intercept 5.74E-01 2.28E-01 7.24E-02 8.78E-01 -2.33E+00 2.32E-02 2.20E+00 1.03E-06 
Conductivity^2 -1.38E-05 2.42E-02 -1.28E-05 3.92E-02 -5.52E-05 3.43E-01 -1.34E-05 1.78E-02 
Conductivity 7.95E-03 3.63E-02 7.03E-03 6.32E-02 NA NA 7.77E-03 2.96E-02 
Piercer                 
Intercept 3.16E+00 2.73E-93 3.69E+00 1.85E-59 3.67E+00 6.31E-115 3.73E+00 7.28E-119 
Conductivity^2 -4.17E-06 1.30E-03 -2.45E-03 2.98E-03 -4.45E-06 8.77E-04 -4.10E-06 2.12E-03 
Predator                 







Even-distributed Weighted Dominant All 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
Conductivity^2 -1.51E-05 8.51E-04 -2.31E-06 3.94E-02 1.73E-06 6.77E-01 -1.61E-05 3.11E-04 
Conductivity 8.03E-03 5.00E-03 NA NA -1.50E-03 5.68E-01 8.70E-03 2.14E-03 
Scraper                 
Intercept 2.88E+00 1.49E-18 2.97E+00 1.08E-16 3.07E+00 5.95E-14 3.66E+00 1.15E-30 
Conductivity^2 -1.77E-05 1.54E-05 -1.85E-05 3.57E-05 -1.94E-05 1.50E-04 -1.77E-05 8.48E-06 
Conductivity 1.17E-02 6.25E-06 1.20E-02 2.14E-05 1.24E-02 1.30E-04 1.13E-02 7.19E-06 
Shredder                 
Intercept 3.36E+00 9.62E-31 3.26E+00 6.52E-32 3.03E+00 2.55E-19 4.19E+00 6.45E-49 
Conductivity^2 -6.77E-06 6.19E-02 -7.43E-06 3.18E-02 -8.16E-06 5.36E-02 -7.29E-06 4.03E-02 
Conductivity 5.20E-03 2.42E-02 5.04E-03 2.18E-02 4.49E-03 9.39E-02 5.33E-03 1.82E-02 
Deposit feeder                 
Intercept 3.74E+00 6.81E-76 3.71E+00 1.25E-80 3.93E+00 3.86E-86 4.60E+00 3.29E-120 
BOD5 3.14E-01 4.61E-02 3.39E-01 2.51E-02 3.03E-01 5.09E-02 2.85E-01 6.29E-02 
Filter feeder                 
Intercept 3.75E+00 3.91E-47 4.12E+00 3.60E-52 4.37E+00 8.63E-45 4.57E+00 2.45E-81 
BOD5 2.57E-02 8.99E-01 -8.03E-03 9.70E-01 -4.45E-02 8.54E-01 8.43E-03 9.64E-01 
Parasite                 
Intercept 1.31E+00 1.29E-08 7.04E-01 1.59E-03 -8.95E-01 7.52E-01 -8.95E-01 7.52E-01 
BOD5 9.81E-02 5.80E-01 6.51E-02 7.02E-01 -4.09E+00 3.92E-01 -4.09E+00 3.92E-01 
Piercer                 
Intercept 3.49E+00 1.51E-29 3.87E+00 2.10E-35 4.16E+00 4.50E-39 4.14E+00 1.82E-38 
BOD5^2 9.31E-02 1.60E-01 1.12E-01 9.40E-02 1.23E-01 7.07E-02 1.04E-01 1.28E-01 
BOD5 -7.85E-01 4.00E-02 -9.42E-01 1.45E-02 -1.04E+00 8.30E-03 -8.87E-01 2.42E-02 
Predator                 
Intercept 4.22E+00 6.86E-114 3.71E+00 3.64E-102 2.71E+00 2.69E-61 4.93E+00 1.16E-154 
BOD5 -1.01E-01 4.88E-01 -7.96E-02 5.55E-01 -4.74E-03 9.70E-01 -7.47E-02 6.06E-01 
Scraper                 
Intercept 4.93E+00 1.16E-154 3.71E+00 3.64E-102 4.22E+00 3.37E-91 4.93E+00 1.16E-154 
BOD5 -7.47E-02 6.06E-01 -7.96E-02 5.55E-01 3.12E-01 5.39E-02 -7.47E-02 6.06E-01 
Shredder                 
Intercept 3.89E+00 3.71E-157 3.82E+00 1.36E-164 3.79E+00 2.29E-113 4.71E+00 1.58E-239 
BOD5 1.76E-01 1.18E-01 6.54E-02 5.46E-01 -3.61E-01 7.35E-03 1.72E-01 1.20E-01 
Deposit feeder                 
Intercept 3.57E+00 2.43E-115 3.70E+00 1.36E-123 4.04E+00 1.26E-131 4.42E+00 1.49E-185 
AveStreamWidth 2.83E-02 1.86E-04 2.25E-02 2.98E-03 1.49E-02 6.38E-02 2.74E-02 2.12E-04 
Filter feeder                 
Intercept 3.22E+00 2.34E-56 3.52E+00 4.94E-62 3.69E+00 1.83E-51 4.05E+00 1.70E-104 
AveStreamWidth 3.11E-02 1.59E-03 3.22E-02 1.72E-03 3.41E-02 4.09E-03 2.95E-02 1.15E-03 
Parasite                 
Intercept 1.21E+00 1.92E-10 5.70E-01 1.90E-03 -3.57E+00 1.52E-04 2.81E+00 1.30E-52 
AveStreamWidth 1.36E-02 1.28E-01 1.33E-02 1.14E-01 -9.71E-03 8.59E-01 1.44E-02 1.04E-01 
Piercer                 
Intercept 2.81E+00 4.10E-65 3.02E+00 2.60E-73 2.94E+00 8.95E-37 3.34E+00 3.05E-85 
AveStreamWidth^2 NA NA NA NA -6.65E-04 5.60E-02 NA NA 







Even-distributed Weighted Dominant All 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
Predator                 
Intercept 3.83E+00 6.42E-146 3.43E+00 5.61E-133 2.91E+00 9.11E-109 4.53E+00 4.39E-206 
AveStreamWidth 1.88E-02 9.23E-03 1.33E-02 4.94E-02 -1.80E-02 7.22E-03 2.06E-02 3.99E-03 
Scraper                 
Intercept 3.81E+00 1.84E-202 3.88E+00 5.80E-178 3.94E+00 1.56E-140 4.51E+00 6.11E-302 
AveStreamWidth 2.84E-02 2.82E-06 3.05E-02 3.86E-06 3.23E-02 1.97E-05 2.77E-02 2.56E-06 
Shredder                 
Intercept 3.93E+00 3.31E-235 3.76E+00 8.92E-239 3.50E+00 2.54E-139 4.72E+00 0.00E+00 
AveStreamWidth 9.93E-03 8.76E-02 8.27E-03 1.34E-01 -2.26E-03 7.39E-01 1.16E-02 4.01E-02 
Deposit feeder                 
Intercept 4.13E+00 3.16E-159 4.05E+00 2.80E-164 4.18E+00 3.88E-169 4.96E+00 3.35E-243 
Chlorophyll -1.85E-02 6.27E-01 1.64E-02 6.55E-01 3.69E-02 3.22E-01 -2.11E-02 5.67E-01 
Filter feeder                 
Intercept 3.78E+00 1.43E-85 4.14E+00 1.57E-123 4.36E+00 1.71E-104 4.62E+00 4.08E-196 
Chlorophyll^2 NA NA -2.37E-03 3.87E-01 -3.15E-03 3.16E-01 -2.82E-03 2.43E-01 
Chlorophyll -4.30E-03 9.28E-01 NA NA NA NA NA NA 
Parasite                 
Intercept 1.44E+00 8.54E-22 8.10E-01 3.07E-04 -3.68E+00 1.17E-05 3.05E+00 8.95E-97 
Chlorophyll^2 -2.01E-03 4.23E-01 -1.68E-03 8.23E-01 NA NA -1.68E-03 4.65E-01 
Chlorophyll NA NA -8.51E-03 9.49E-01 -5.79E-03 9.79E-01 NA NA 
Piercer                 
Intercept 3.10E+00 1.28E-101 3.37E+00 2.14E-116 3.61E+00 5.96E-127 3.66E+00 3.06E-130 
Chlorophyll -1.20E-01 2.33E-03 -1.20E-01 2.04E-03 -1.28E-01 1.24E-03 -1.05E-01 6.66E-03 
Predator                 
Intercept 4.17E+00 3.16E-273 3.68E+00 9.17E-248 2.74E+00 7.66E-151 5.00E+00 3.58E-294 
Chlorophyll^2 -4.92E-03 9.96E-03 -4.60E-03 1.10E-02 -3.12E-03 7.61E-02 NA NA 
Chlorophyll NA NA NA NA NA NA -7.64E-02 2.46E-02 
Scraper                 
Intercept 4.38E+00 <2.00E-16 4.50E+00 <2.00E-16 4.63E+00 2.27E-262 5.06E+00 <2.00E-16 
Chlorophyll^2 -4.55E-03 1.03E-02 -5.79E-03 2.65E-03 -7.23E-03 9.78E-04 -4.45E-03 8.72E-03 
Shredder                 
Intercept 4.08E+00 <2.00E-16 3.90E+00 <2.00E-16 3.57E+00 3.05E-182 4.90E+00 <2.00E-16 
Chlorophyll^2 -2.48E-04 8.68E-01 -1.03E-03 4.66E-01 NA NA -4.03E-04 7.83E-01 
Chlorophyll NA NA NA NA -5.22E-02 9.45E-02 NA NA 
Deposit feeder                 
Intercept 3.78E+00 1.25E-47 3.66E+00 7.56E-49 3.81E+00 4.97E-51 4.64E+00 1.03E-74 
Nitrate.N 1.01E+00 1.94E-01 1.36E+00 6.71E-02 1.44E+00 5.71E-02 9.18E-01 2.25E-01 
Filter feeder                 
Intercept 3.81E+00 4.97E-51 6.81E-01 5.53E-01 6.85E-01 6.05E-01 1.83E+00 7.37E-02 
Nitrate.N^2 NA NA -1.34E+01 7.02E-03 -1.41E+01 1.39E-02 -1.08E+01 1.42E-02 
Nitrate.N 1.44E+00 5.71E-02 1.65E+01 4.23E-03 1.74E+01 8.78E-03 1.33E+01 9.45E-03 
Parasite                 
Intercept 1.44E+00 2.36E-17 8.03E-01 9.53E-07 -4.03E-01 9.47E-01 3.05E+00 4.96E-77 
Nitrate.N^2 -1.67E-01 8.28E-01 -2.98E-01 6.96E-01 -5.74E+01 6.15E-01 -1.90E-01 7.97E-01 







Even-distributed Weighted Dominant All 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
Intercept 2.68E+00 2.50E-26 2.93E+00 2.90E-30 3.14E+00 8.21E-33 3.26E+00 2.44E-35 
Nitrate.N 7.17E-01 3.39E-01 7.68E-01 3.15E-01 8.21E-01 2.95E-01 7.16E-01 3.60E-01 
Predator                 
Intercept 1.70E+00 3.07E-02 1.65E+00 2.47E-02 2.64E+00 4.64E-110 2.59E+00 1.08E-03 
Nitrate.N^2 -9.24E+00 6.53E-03 -7.44E+00 1.88E-02 5.63E-01 2.84E-01 -8.79E+00 1.02E-02 
Nitrate.N 1.17E+01 3.09E-03 9.53E+00 9.55E-03 NA NA 1.10E+01 5.71E-03 
Scraper                 
Intercept 4.15E+00 7.99E-79 4.24E+00 1.34E-70 4.33E+00 2.40E-58 4.93E+00 5.27E-116 
Nitrate.N 6.33E-01 3.36E-01 7.02E-01 3.23E-01 7.91E-01 3.24E-01 2.77E-01 6.66E-01 
Shredder                 
Intercept 3.77E+00 2.46E-93 3.75E+00 2.50E-99 3.59E+00 9.55E-195 4.62E+00 1.00E-143 
Nitrate.N^2 NA NA NA NA -1.24E+00 2.56E-02 NA NA 
Nitrate.N 9.74E-01 7.56E-02 4.58E-01 3.86E-01 NA NA 8.88E-01 1.00E-01 
Deposit feeder                 
Intercept 4.14E+00 1.73E-76 4.12E+00 5.68E-81 4.24E+00 3.76E-188 4.94E+00 2.90E-114 
TotalP^2 NA NA NA NA 2.37E+00 6.92E-01 NA NA 
TotalP -6.33E-01 7.63E-01 -3.98E-01 8.44E-01 NA NA -2.37E-01 9.07E-01 
Filter feeder                 
Intercept 3.72E+00 5.37E-40 4.16E+00 4.14E-104 4.42E+00 1.92E-89 4.55E+00 3.75E-69 
TotalP^2 NA NA -5.38E+00 5.00E-01 -9.56E+00 2.97E-01 NA NA 
TotalP 5.99E-01 8.20E-01 NA NA NA NA 3.46E-01 8.87E-01 
Parasite                 
Intercept 1.15E+00 4.11E-06 5.33E-01 2.64E-02 -3.91E+00 1.70E-06 2.77E+00 4.01E-30 
TotalP^2 NA NA NA NA 1.33E+01 4.30E-01 NA NA 
TotalP 2.92E+00 2.03E-01 2.60E+00 2.32E-01 NA NA 2.85E+00 2.08E-01 
Piercer                 
Intercept 3.13E+00 4.96E-48 3.23E+00 7.73E-112 3.45E+00 5.68E-121 3.54E+00 1.44E-128 
TotalP^2 NA NA -6.72E+00 2.68E-01 -6.33E+00 3.07E-01 -6.93E+00 2.61E-01 
TotalP -2.92E+00 1.52E-01 NA NA NA NA NA NA 
Predator                 
Intercept 4.19E+00 1.69E-222 3.69E+00 2.94E-200 2.80E+00 6.07E-56 4.90E+00 4.19E-301 
TotalP^2 -6.77E+00 2.19E-01 -5.74E+00 2.63E-01 NA NA -3.97E+00 4.70E-01 
TotalP NA NA NA NA -1.06E+00 5.28E-01 NA NA 
Scraper                 
Intercept 4.26E+00 1.41E-113 4.42E+00 2.83E-104 4.58E+00 2.00E-88 4.95E+00 1.26E-160 
TotalP 8.06E-01 6.48E-01 3.33E-01 8.62E-01 -1.19E-01 9.56E-01 7.62E-01 6.57E-01 
Shredder                 
Intercept 4.16E+00 1.10E-149 3.97E+00 2.17E-152 3.57E+00 1.01E-198 4.95E+00 9.47E-220 
TotalP^2 NA NA NA NA -1.02E+01 4.54E-02 NA NA 
TotalP -9.70E-01 5.17E-01 -1.07E+00 4.52E-01 NA NA -6.26E-01 6.70E-01 
Deposit feeder                 
Intercept -2.79E+00 4.37E-02 -3.30E+00 1.17E-02 -3.06E+00 2.26E-02 -1.57E+00 2.42E-01 
Temperature 2.30E-01 9.54E-07 2.47E-01 2.83E-08 2.45E-01 7.54E-08 2.17E-01 1.86E-06 
Filter feeder                 







Even-distributed Weighted Dominant All 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
Temperature 1.57E-01 1.18E-02 1.52E-01 1.97E-02 1.52E-01 4.20E-02 1.45E-01 1.13E-02 
Parasite                 
Intercept -2.46E+00 1.42E-01 -2.48E+00 1.30E-01 -2.05E-01 9.26E-01 2.72E-01 8.72E-01 
Temperature 1.31E-01 2.11E-02 1.10E-01 4.71E-02 1.52E-01 4.20E-02 1.45E-01 1.13E-02 
Piercer                 
Intercept 4.26E+00 5.14E-09 4.28E+00 9.67E-09 4.35E+00 1.45E-08 4.59E+00 1.64E-09 
Temperature^2 -1.60E-03 5.44E-02 -1.30E-03 1.26E-01 -1.12E-03 2.00E-01 -1.31E-03 1.31E-01 
Predator                 
Intercept 2.38E+00 7.40E-02 2.86E+00 6.81E-06 2.63E+00 1.58E-05 2.82E+00 3.40E-02 
Temperature^2 NA NA 8.80E-04 2.24E-01 9.51E-05 8.91E-01 NA NA 
Temperature 5.91E-02 1.92E-01 NA NA NA NA 6.91E-02 1.26E-01 
Scraper                 
Intercept -1.63E+00 1.55E-01 -1.75E+00 1.62E-01 -1.81E+00 2.05E-01 -1.86E-01 8.70E-01 
Temperature 2.00E-01 2.83E-07 2.07E-01 1.01E-06 2.13E-01 1.10E-05 1.75E-01 5.81E-06 
Shredder                 
Intercept 1.02E+00 3.20E-01 2.36E+00 1.82E-02 4.53E+00 1.97E-13 1.70E+00 8.92E-02 
Temperature^2 NA NA NA NA -1.24E-03 7.69E-02 NA NA 









Appendix Table 4.2. Estimates and p-values of each trait modalities based on weighted trait abundance estimation method (TAE). For all numeric variables, 
the model containing both the linear and quadratic terms are based on the estimates of centred mean as described in the text. The final model is explained 
in the text.  
 
Deposit feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
 
Estimates p-values Estimates p-values Estimates p-values Estimates p-values Estimates p-values Estimates pvalues Estimates pvalues 
(Intercept) 4.11E+00 1.92E-180 4.32E+00 4.79E-109 8.24E-01 5.13E-07 3.33E+00 4.45E-125 3.72E+00 4.73E-195 4.44E+00 2.61E-236 3.83E+00 0.00E+00 
I(ElevationT^2) -3.55E-06 4.45E-01 -1.63E-05 9.26E-03 -4.93E-06 4.15E-01 -1.49E-05 9.15E-04 -6.28E-06 1.17E-01 -1.33E-06 7.61E-01 3.05E-06 3.51E-01 
ElevationT -5.31E-04 8.46E-01 8.58E-03 2.03E-02 7.19E-04 8.20E-01 9.39E-03 3.81E-04 3.84E-03 1.05E-01 -1.59E-03 5.36E-01 -2.19E-03 2.59E-01 
(Intercept)2 4.13E+00 9.16E-236     8.09E-01 1.49E-08                 
I(Elevation^2) -3.61E-06 9.89E-03 
  
-3.00E-06 1.81E-01 
        (Intercept)1             3.62E+00 1.41E-189 4.58E+00 1.43E-264 3.91E+00 0.00E+00 
Elevation 
        
2.32E-04 7.85E-01 -2.35E-03 1.16E-02 -4.96E-04 4.75E-01 
               (Intercept)3 4.04E+00 6.24E-156 4.07E+00 2.49E-90 8.53E-01 2.33E-07 3.19E+00 9.44E-94 3.71E+00 3.90E-178 4.17E+00 2.94E-207 3.93E+00 2.80E-295 
I(VelocityT^2) -1.80E-01 8.55E-01 -1.40E+00 2.87E-01 -1.89E+00 9.86E-02 -7.68E-01 4.49E-01 -1.40E+00 1.02E-01 1.66E+00 6.07E-02 -8.00E-01 2.53E-01 
VelocityT 1.17E+00 1.99E-02 2.33E+00 4.79E-04 2.01E+00 1.10E-03 1.25E+00 1.53E-02 1.41E+00 1.15E-03 5.69E-01 2.03E-01 9.11E-01 1.02E-02 
(Intercept)5                     4.01E+00 6.15E-179     
I(Velocity^2) 
          
9.11E-01 3.18E-04 
  (Intercept)4 3.47E+00 1.44E-49 3.01E+00 7.63E-22 8.73E-02 7.46E-01 2.61E+00 2.07E-27 3.12E+00 8.46E-53     3.54E+00 2.92E-100 
Velocity 1.09E+00 5.45E-03 1.85E+00 4.27E-04 1.21E+00 4.51E-03 1.00E+00 1.27E-02 9.31E-01 6.42E-03 
  
6.44E-01 2.09E-02 
               (Intercept)6 4.01E+00 1.65E-182 4.10E+00 3.38E-89 8.60E-01 9.98E-07 3.30E+00 1.30E-102 3.62E+00 1.49E-163 4.39E+00 8.98E-238 3.91E+00 1.31E-292 
I(TemperatureT^2) -1.37E-02 2.85E-01 -9.75E-03 5.96E-01 -2.18E-02 2.50E-01 -2.63E-02 5.82E-02 8.38E-04 9.44E-01 -9.97E-03 4.09E-01 -5.54E-03 5.64E-01 
TemperatureT 2.28E-01 3.98E-07 1.40E-01 3.41E-02 1.12E-01 5.49E-02 -1.04E-01 3.77E-02 5.15E-02 2.28E-01 1.97E-01 4.71E-06 4.31E-02 2.11E-01 




           (Intercept)7 -3.30E+00 1.17E-02 -3.98E-01 8.35E-01 -2.48E+00 1.30E-01 5.21E+00 3.26E-04 2.15E+00 8.24E-02 -1.75E+00 1.62E-01 2.36E+00 1.82E-02 
Temperature 2.47E-01 2.83E-08 1.52E-01 1.97E-02 1.10E-01 4.71E-02 -7.04E-02 1.54E-01 5.03E-02 2.31E-01 2.07E-01 1.01E-06 5.17E-02 1.28E-01 
               (Intercept)9 4.26E+00 1.58E-147 4.55E+00 3.47E-97 1.01E+00 4.83E-08 3.26E+00 2.10E-85 3.86E+00 1.16E-163 4.77E+00 2.88E-224 4.03E+00 7.05E-266 
I(ConductivityT^2) -9.81E-06 4.54E-02 -2.71E-05 3.63E-05 -1.28E-05 3.92E-02 -6.89E-06 1.71E-01 -1.18E-05 5.63E-03 -1.85E-05 3.57E-05 -7.43E-06 3.18E-02 
ConductivityT 3.15E-03 3.69E-03 3.92E-03 6.10E-03 1.05E-03 4.00E-01 -1.55E-03 1.53E-01 7.24E-04 4.36E-01 3.44E-03 4.67E-04 1.58E-03 3.88E-02 
(Intercept)11         9.08E-01 3.96E-07     3.79E+00 3.85E-169         
I(Conductivity^2) 




    (Intercept)10         3.69E+00 1.85E-59         
Conductivity 
      
-2.45E-03 2.98E-03 
      
               (Intercept)12 4.12E+00 5.42E-160 4.12E+00 1.67E-85 7.32E-01 3.99E-05 3.01E+00 6.51E-78 3.60E+00 4.68E-155 4.31E+00 1.55E-196 3.98E+00 5.25E-294 
I(pHT^2) -3.28E-01 2.75E-01 -3.14E-01 4.45E-01 -1.03E-01 7.86E-01 4.49E-01 1.50E-01 3.38E-02 8.98E-01 2.54E-01 3.63E-01 -3.86E-01 7.21E-02 
pHT 5.90E-01 1.68E-02 7.29E-01 3.18E-02 6.78E-01 1.57E-02 1.30E-01 6.18E-01 3.52E-01 1.09E-01 7.01E-01 2.61E-03 1.28E-01 4.65E-01 
(Intercept)13             3.06E+00 8.46E-04         2.78E+00 8.55E-06 
I(pH^2) 
      
1.80E-03 9.04E-01 
    
1.81E-02 7.53E-02 







Deposit feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
 
Estimates p-values Estimates p-values Estimates p-values Estimates p-values Estimates p-values Estimates pvalues Estimates pvalues 
pH 7.23E-01 7.38E-04 8.14E-01 5.51E-03 7.01E-01 6.89E-03 
  
3.41E-01 7.19E-02 5.73E-01 4.49E-03 
  (Intercept)15 4.04E+00 3.70E-197 4.02E+00 4.20E-112 8.30E-01 3.93E-08 3.20E+00 1.11E-122 3.60E+00 6.94E-238 4.47E+00 9.41E-270 3.85E+00 0.00E+00 
I(DOT^2) 2.85E-02 4.33E-01 6.95E-03 8.86E-01 -5.75E-02 2.30E-01 -3.94E-02 2.89E-01 -3.14E-02 2.98E-01 -1.68E-02 6.26E-01 1.87E-02 4.60E-01 
DOT -3.60E-03 9.73E-01 3.45E-01 1.41E-02 1.23E-01 3.48E-01 7.63E-02 4.79E-01 3.24E-01 2.10E-04 2.32E-02 8.17E-01 9.25E-02 2.10E-01 
(Intercept)17 4.20E+00 1.55E-22     3.33E-01 4.89E-01 2.57E+00 3.72E-09     4.30E+00 2.90E-26     
I(DO^2) -1.95E-03 7.79E-01 
  
7.30E-03 3.42E-01 9.99E-03 1.55E-01 
  
2.56E-03 6.96E-01 








               (Intercept)18 4.12E+00 1.16E-177 4.21E+00 1.45E-102 7.84E-01 1.91E-06 3.08E+00 6.07E-102 3.71E+00 6.84E-201 4.47E+00 9.09E-245 3.90E+00 0.00E+00 
I(ChlorophyllT^2) -2.91E-03 6.43E-01 -9.94E-03 2.43E-01 -1.68E-03 8.23E-01 2.20E-03 7.32E-01 -9.14E-03 9.55E-02 -4.77E-03 4.17E-01 -1.32E-03 7.65E-01 
ChlorophyllT 5.34E-02 5.48E-01 9.38E-02 4.35E-01 -1.58E-02 8.77E-01 -1.51E-01 8.93E-02 5.01E-02 5.07E-01 -3.99E-02 6.28E-01 -1.99E-04 9.97E-01 
(Intercept)19     4.14E+00 1.57E-123 8.00E-01 3.73E-08     3.68E+00 9.17E-248 4.50E+00 0.00E+00 3.90E+00 0.00E+00 
I(Chlorophyll^2) 
  
-2.37E-03 3.87E-01 -2.15E-03 4.07E-01 
  
-4.60E-03 1.10E-02 -5.79E-03 2.65E-03 -1.03E-03 4.66E-01 
(Intercept)20 4.05E+00 2.80E-164         3.37E+00 2.14E-116             
Chlorophyll 1.64E-02 6.55E-01 
    
-1.20E-01 2.04E-03 
      
               (Intercept)21 4.17E+00 4.65E-193 4.13E+00 6.63E-105 6.40E-01 1.06E-04 2.93E+00 5.32E-103 3.59E+00 8.72E-205 4.55E+00 5.52E-263 3.90E+00 0.00E+00 
I(TurbidityT^2) -3.05E-03 1.31E-01 -2.49E-03 3.72E-01 3.23E-03 1.68E-01 3.59E-03 7.38E-02 -7.38E-04 6.80E-01 -4.09E-03 3.21E-02 -5.24E-04 7.14E-01 
TurbidityT 6.75E-02 1.42E-01 -3.08E-02 6.20E-01 -8.63E-02 1.18E-01 -1.62E-01 3.32E-04 -6.47E-02 9.45E-02 4.66E-02 2.78E-01 2.95E-03 9.28E-01 
(Intercept)22 4.10E+00 8.11E-220 4.18E+00 6.21E-130             4.50E+00 1.23E-305 3.89E+00 0.00E+00 
I(Turbidity^2) -2.73E-04 7.20E-01 -3.00E-03 5.72E-03 
      
-1.68E-03 2.03E-02 -3.21E-04 5.50E-01 
(Intercept)23         8.30E-01 2.05E-07 3.34E+00 8.11E-133 3.81E+00 2.87E-232         
Turbidity 
    
-2.17E-02 4.11E-01 -9.05E-02 1.20E-04 -7.77E-02 5.54E-05 
    
               (Intercept)24 4.02E+00 2.68E-182 3.90E+00 1.15E-96 3.63E-01 6.76E-02 2.95E+00 4.58E-99 3.39E+00 1.31E-185 4.42E+00 1.83E-246 3.81E+00 0.00E+00 
I(CODT^2) 3.15E-03 3.38E-01 7.97E-03 7.06E-02 1.56E-02 3.57E-03 8.49E-03 1.10E-02 9.51E-03 6.64E-04 1.11E-03 7.20E-01 3.61E-03 1.17E-01 
CODT -9.60E-02 4.13E-01 -3.12E-01 4.77E-02 -5.44E-01 5.30E-03 -3.30E-01 5.63E-03 -3.69E-01 2.13E-04 -2.89E-02 7.94E-01 -1.26E-01 1.25E-01 
(Intercept)25 4.06E+00 9.44E-217     7.29E-01 4.87E-07         4.43E+00 4.13E-289 3.88E+00 0.00E+00 
I(COD^2) 3.76E-04 5.33E-01 
  
5.70E-04 3.51E-01 
    
2.36E-04 6.80E-01 1.02E-04 8.09E-01 




          
               (Intercept)27 4.08E+00 1.34E-219 4.13E+00 1.06E-116 6.60E-01 1.08E-05 3.04E+00 3.95E-119 3.64E+00 4.13E-221 4.45E+00 9.85E-288 3.88E+00 0.00E+00 
I(BOD5T^2) -6.05E-02 3.53E-01 -2.96E-02 7.45E-01 1.25E-01 8.43E-02 1.12E-01 9.40E-02 -9.78E-03 8.67E-01 -4.33E-02 4.84E-01 3.79E-03 9.35E-01 
BOD5T 4.93E-01 6.02E-02 7.00E-02 8.48E-01 -4.34E-01 1.61E-01 -7.17E-01 7.46E-03 -5.13E-02 8.26E-01 3.71E-01 1.38E-01 5.38E-02 7.75E-01 
(Intercept)28     4.12E+00 9.90E-116 7.27E-01 1.01E-06                 
I(BOD5^2) 
  
-6.88E-03 8.50E-01 2.13E-02 4.42E-01 
        (Intercept)29 3.71E+00 1.25E-80         3.42E+00 3.97E-64 3.71E+00 3.64E-102 4.16E+00 1.00E-111 3.82E+00 1.36E-164 
BOD5 3.39E-01 2.51E-02 
    
-2.84E-01 7.63E-02 -7.96E-02 5.55E-01 2.64E-01 6.66E-02 6.54E-02 5.46E-01 







Deposit feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
 
Estimates p-values Estimates p-values Estimates p-values Estimates p-values Estimates p-values Estimates pvalues Estimates pvalues 
I(Nitrate.NT^2) -2.17E+00 5.60E-01 -1.34E+01 7.02E-03 -5.29E-02 9.90E-01 -1.44E+00 7.09E-01 -7.44E+00 1.88E-02 -4.70E+00 1.86E-01 -1.86E+00 4.82E-01 
Nitrate.NT 2.69E+00 2.27E-01 8.69E+00 3.29E-03 -3.25E-01 9.00E-01 1.60E+00 4.85E-01 5.19E+00 5.89E-03 3.41E+00 1.08E-01 1.60E+00 3.10E-01 
(Intercept)31                             
I(Nitrate.N^2) 
              (Intercept)32 3.66E+00 7.56E-49   8.73E-01 2.72E-03 2.93E+00 2.90E-30   4.24E+00 1.34E-70 3.75E+00 2.50E-99 
Nitrate.N 1.36E+00 6.71E-02 
  
-3.55E-01 6.87E-01 7.68E-01 3.15E-01 
  
7.02E-01 3.23E-01 4.58E-01 3.86E-01 
               (Intercept)33 4.13E+00 1.63E-224 4.20E+00 5.62E-118 1.09E+00 8.56E-07 3.08E+00 1.31E-108 3.67E+00 1.06E-214 4.52E+00 0.00E+00 3.91E+00 0.00E+00 
I(Nitrite.NT^2) -1.21E+04 1.16E-02 -1.38E+04 4.06E-02 -1.10E+05 8.70E-02 6.73E+03 1.97E-01 -4.50E+03 3.04E-01 -1.57E+04 4.17E-04 -3.31E+03 3.43E-01 
Nitrite.NT 3.65E+02 2.40E-03 3.24E+02 5.68E-02 5.04E+02 6.83E-02 -1.73E+02 1.91E-01 7.74E+01 4.81E-01 4.18E+02 1.93E-04 1.16E+02 1.87E-01 




    
-1.30E+03 2.43E-01 
    (Intercept)35       8.76E-01 5.77E-06 3.17E+00 2.03E-83       3.78E+00 1.12E-252 
Nitrite.N 
    
-4.11E+01 4.33E-01 -2.26E+00 9.53E-01 
    
3.66E+01 1.60E-01 
               (Intercept)36 4.02E+00 1.83E-188 4.21E+00 1.23E-114 8.00E-01 1.52E-07 3.17E+00 4.85E-114 3.67E+00 1.03E-209 4.47E+00 7.33E-259 3.86E+00 0.00E+00 
I(TotalPT^2) 1.38E+01 3.59E-01 -3.55E+01 8.24E-02 -1.24E+01 4.60E-01 -3.85E+00 8.04E-01 -1.08E+01 4.13E-01 -5.67E+00 6.92E-01 4.10E+00 6.99E-01 
TotalPT -2.95E+00 3.19E-01 6.01E+00 1.33E-01 4.98E+00 1.42E-01 -1.78E+00 5.55E-01 9.52E-02 9.70E-01 1.38E+00 6.22E-01 -1.76E+00 3.97E-01 




    
-5.74E+00 2.63E-01 
    (Intercept)38 4.12E+00 5.68E-81     5.33E-01 2.64E-02 3.36E+00 4.77E-53     4.42E+00 2.83E-104 3.97E+00 2.17E-152 
TotalP -3.98E-01 8.44E-01 
  
2.60E+00 2.32E-01 -2.36E+00 2.54E-01 
  
3.33E-01 8.62E-01 -1.07E+00 4.52E-01 
               (Intercept)39 4.13E+00 5.72E-210 4.17E+00 1.80E-119 8.65E-01 8.51E-07 3.24E+00 4.17E-125 3.84E+00 7.17E-218 4.49E+00 1.03E-284 3.92E+00 0.00E+00 
I(Ammonium.NT^2) -2.41E+01 1.84E-01 -4.60E+01 5.88E-02 -1.21E+02 1.93E-01 -3.97E+01 6.57E-02 -1.53E+02 1.38E-04 -2.82E+01 9.57E-02 -1.48E+01 2.51E-01 
Ammonium.NT 7.19E+00 1.04E-01 1.44E+01 1.53E-02 -3.17E+00 6.04E-01 2.95E+00 5.16E-01 1.10E+01 1.12E-02 9.33E+00 2.40E-02 2.24E+00 4.74E-01 
(Intercept)40         9.66E-01 2.77E-09 3.25E+00 1.53E-132         3.90E+00 0.00E+00 
I(Ammonium.N^2) 
    
-5.96E+01 4.61E-02 -1.84E+01 2.19E-02 
    
-4.04E+00 4.06E-01 
(Intercept)41 3.90E+00 1.09E-104 3.74E+00 1.73E-53           4.21E+00 1.71E-137     
Ammonium.N 3.12E+00 1.83E-01 6.17E+00 5.13E-02 
      
4.06E+00 6.42E-02 
  
               (Intercept)42 4.04E+00 5.81E-177 4.01E+00 1.85E-96 7.85E-01 1.67E-06 3.28E+00 7.31E-107 3.66E+00 1.62E-182 4.30E+00 1.41E-263 3.87E+00 6.94E-303 
I(AveStreamWidthT^2) -1.57E-04 6.27E-01 -2.76E-04 5.28E-01 -1.60E-04 6.61E-01 -6.03E-04 7.68E-02 -2.08E-04 4.70E-01 -7.15E-05 7.99E-01 3.19E-05 8.92E-01 
AveStreamWidthT 2.90E-02 5.01E-02 4.13E-02 3.91E-02 1.94E-02 2.55E-01 3.00E-02 5.39E-02 2.04E-02 1.23E-01 3.33E-02 9.87E-03 6.96E-03 5.19E-01 
(Intercept)43                             
I(AveStreamWidth^2) 
              (Intercept)44 3.70E+00 1.36E-123 3.52E+00 4.94E-62 5.70E-01 1.90E-03 3.02E+00 2.60E-73 3.43E+00 5.61E-133 3.88E+00 5.80E-178 3.76E+00 8.92E-239 
AveStreamWidth 2.25E-02 2.98E-03 3.22E-02 1.72E-03 1.33E-02 1.14E-01 1.01E-02 2.11E-01 1.33E-02 4.94E-02 3.05E-02 3.86E-06 8.27E-03 1.34E-01 
               (Intercept)45 4.17E+00 1.15E-201 4.14E+00 1.56E-107 1.07E+00 4.99E-10 3.25E+00 1.79E-114 3.64E+00 6.33E-198 4.50E+00 2.55E-255 3.93E+00 0.00E+00 
I(MeanDepthT^2) -3.23E+01 3.82E-02 -2.08E+01 3.01E-01 -1.18E+02 3.95E-03 -2.06E+01 1.77E-01 -2.96E+00 8.16E-01 -1.49E+01 2.78E-01 -1.78E+01 8.94E-02 







Deposit feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
 
Estimates p-values Estimates p-values Estimates p-values Estimates p-values Estimates p-values Estimates pvalues Estimates pvalues 
(Intercept)46 4.45E+00 3.53E-135 4.49E+00   1.14E+00 3.18E-07 3.23E+00 1.16E-67         4.16E+00 2.51E-245 
I(MeanDepth^2) -1.41E+01 2.04E-03 -1.51E+01 
 
-1.40E+01 3.64E-02 -2.30E+00 6.19E-01 
    
-1.04E+01 1.06E-03 




    
-1.92E+00 2.38E-01 9.24E-01 6.04E-01 
  
               (Intercept)48 3.76E+00 2.40E-75 4.32E+00 1.03E-56 2.96E-01 2.09E-01 3.72E+00 6.01E-99 3.91E+00 1.32E-113 3.95E+00 2.48E-104 3.94E+00 6.84E-170 
factor(MainLandUse)2 6.83E-01 7.89E-02 -2.03E-01 6.96E-01 4.41E-01 2.96E-01 -2.06E+00 8.48E-09 -1.98E-01 5.47E-01 6.20E-01 7.32E-02 1.78E-01 5.09E-01 
factor(MainLandUse)3 4.38E-01 1.44E-01 -4.42E-01 2.69E-01 9.04E-01 4.75E-03 -1.00E+00 1.38E-04 -5.21E-01 4.05E-02 7.26E-01 6.56E-03 -2.04E-01 3.28E-01 
factor(MainLandUse)4 5.09E-01 2.46E-01 2.13E-01 7.15E-01 8.02E-01 7.70E-02 -7.22E-01 5.96E-02 -4.01E-01 2.82E-01 1.17E+00 2.59E-03 -4.99E-01 1.04E-01 
factor(MainLandUse)5 1.82E-01 6.95E-01 -1.92E+00 2.17E-03 -8.56E-01 1.92E-01 -1.13E+00 5.85E-03 -9.76E-01 1.40E-02 -3.99E-01 3.36E-01 1.76E-01 5.83E-01 
               (Intercept)49 3.27E+00 4.42E-44 3.08E+00 1.66E-20 4.05E-01 1.81E-01 3.19E+00 3.36E-41 3.12E+00 4.15E-50 3.65E+00 4.17E-73 3.73E+00 3.21E-114 
as.ordered(Shading).L -1.86E+00 7.90E-04 -2.48E+00 1.58E-03 -7.76E-01 2.73E-01 2.23E-01 6.87E-01 -1.27E+00 1.04E-02 -1.73E+00 2.80E-04 -3.19E-01 4.05E-01 
as.ordered(Shading).Q -3.32E-01 4.80E-01 -9.20E-01 1.65E-01 1.17E-01 8.47E-01 -9.34E-02 8.44E-01 -6.39E-01 1.28E-01 -7.85E-02 8.46E-01 2.12E-01 5.19E-01 
as.ordered(Shading).C 6.19E-02 8.66E-01 -1.52E-01 7.67E-01 2.58E-01 5.92E-01 3.36E-01 3.76E-01 -2.83E-02 9.31E-01 -4.53E-01 1.53E-01 7.47E-02 7.76E-01 
               (Intercept)50 4.11E+00 1.96E-203 4.01E+00 8.60E-112 7.65E-01 5.23E-07 3.08E+00 2.48E-114 3.58E+00 1.57E-212 4.46E+00 4.21E-273 3.80E+00 0.00E+00 
factor(MainMac)1 -1.20E+00 7.03E-02 -1.10E+00 2.05E-01 -1.17E+00 2.14E-01 7.83E-01 2.27E-01 -2.01E-01 7.18E-01 -1.41E+00 2.27E-02 -2.60E-01 5.63E-01 
factor(MainMac)2 -2.68E-01 6.01E-01 -8.76E-01 1.99E-01 1.10E-01 8.47E-01 -5.01E-01 3.36E-01 -3.77E-01 3.91E-01 4.18E-01 3.82E-01 7.47E-01 3.18E-02 
factor(MainMac)3 2.81E-01 5.82E-01 1.29E+00 5.70E-02 3.33E-01 5.48E-01 7.39E-01 1.47E-01 8.19E-01 5.85E-02 -2.07E-01 6.66E-01 3.81E-01 2.75E-01 
               (Intercept)51 3.09E+00 1.04E-04 1.10E+00 3.20E-01 -1.73E+01 9.94E-01 9.16E-01 3.01E-01 2.64E+00 1.35E-04 3.92E+00 1.41E-07 2.86E+00 3.84E-07 
factor(Valleyform)4 9.61E-01 2.44E-01 2.43E+00 3.35E-02 1.77E+01 9.94E-01 1.98E+00 2.98E-02 8.24E-01 2.49E-01 3.75E-01 6.28E-01 9.93E-01 8.87E-02 
factor(Valleyform)5 1.03E+00 2.02E-01 3.25E+00 3.85E-03 1.82E+01 9.94E-01 2.40E+00 7.68E-03 1.09E+00 1.20E-01 6.13E-01 4.20E-01 1.06E+00 6.51E-02 
               (Intercept)52 4.46E+00 8.39E-28 4.63E+00 1.58E-16 -1.54E-01 7.85E-01 2.01E+00 2.90E-06 3.69E+00 2.06E-24 5.08E+00 1.71E-42 4.29E+00 1.43E-51 
factor(Channelform)3 -3.56E-01 5.37E-01 -3.32E-01 6.76E-01 9.16E-01 2.12E-01 1.54E+00 9.40E-03 -3.62E-01 4.81E-01 1.76E-02 9.73E-01 -6.27E-01 1.20E-01 
factor(Channelform)4 -3.34E-01 4.60E-01 -3.44E-01 5.80E-01 9.10E-01 1.34E-01 1.29E+00 6.37E-03 8.65E-02 8.29E-01 -6.35E-01 1.23E-01 -3.50E-01 2.65E-01 
factor(Channelform)5 -6.65E-01 1.38E-01 -9.81E-01 1.12E-01 1.05E+00 8.25E-02 1.04E+00 2.64E-02 -1.81E-01 6.49E-01 -1.13E+00 5.93E-03 -5.88E-01 5.96E-02 
factor(Channelform)6 1.26E+00 2.75E-01 -4.12E-01 7.95E-01 1.25E+00 3.40E-01 1.98E+00 8.82E-02 4.05E-01 6.91E-01 -1.70E-01 8.72E-01 5.54E-01 4.89E-01 
               (Intercept)53 4.13E+00 6.59E-66 3.99E+00 1.78E-33 6.48E-01 2.43E-02 3.39E+00 1.25E-39 3.72E+00 5.64E-65 4.31E+00 4.29E-80 3.93E+00 9.60E-119 
as.ordered(VarInWidth).L -1.55E+00 3.41E-02 3.74E-01 7.09E-01 -8.03E-01 3.58E-01 -1.49E-01 8.48E-01 -6.64E-02 9.20E-01 -6.24E-01 3.66E-01 -9.15E-01 7.52E-02 
as.ordered(VarInWidth).Q 4.87E-01 4.39E-01 5.45E-01 5.28E-01 -3.36E-01 6.55E-01 7.82E-01 2.44E-01 4.55E-01 4.25E-01 4.13E-02 9.45E-01 3.17E-01 4.74E-01 
as.ordered(VarInWidth).C -1.17E+00 4.24E-03 -7.17E-01 2.01E-01 -4.84E-01 3.19E-01 -2.08E-01 6.34E-01 -3.15E-01 3.94E-01 -7.76E-01 4.39E-02 -6.30E-01 2.82E-02 
as.ordered(VarInWidth)^4 -2.48E-01 3.29E-01 -4.14E-01 2.35E-01 -2.52E-01 4.06E-01 2.12E-01 4.36E-01 -7.13E-02 7.57E-01 -5.16E-01 3.17E-02 -2.74E-01 1.27E-01 
               (Intercept)54 4.48E+00 1.41E-32 4.76E+00 2.16E-21 1.22E+00 9.55E-04 3.37E+00 3.39E-19 4.17E+00 6.43E-40 4.54E+00 5.09E-38 4.13E+00 2.91E-55 
as.ordered(Erosion).L 9.40E-01 2.35E-01 1.78E+00 9.10E-02 9.22E-01 2.32E-01 2.99E-01 7.05E-01 1.28E+00 5.36E-02 5.06E-01 4.94E-01 5.98E-01 2.79E-01 
as.ordered(Erosion).Q 4.91E-01 3.03E-01 7.76E-01 2.21E-01 7.97E-01 9.17E-02 6.03E-01 2.06E-01 7.30E-01 6.76E-02 -1.20E-01 7.88E-01 2.58E-01 4.39E-01 
               (Intercept)55 4.03E+00 1.39E-10 2.59E+00 2.66E-03 9.81E-01 1.59E-01 2.88E-01 7.16E-01 2.73E+00 1.31E-06 5.03E+00 1.66E-17 3.08E+00 1.07E-11 







Deposit feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
 
Estimates p-values Estimates p-values Estimates p-values Estimates p-values Estimates p-values Estimates pvalues Estimates pvalues 
factor(ProfileBankDominant)3 -2.54E-01 6.96E-01 1.16E+00 1.94E-01 -4.50E-01 5.35E-01 2.85E+00 4.43E-04 8.63E-01 1.40E-01 -8.66E-01 1.58E-01 8.82E-01 5.98E-02 
factor(ProfileBankDominant)4 -4.70E-01 5.97E-01 1.29E+00 2.88E-01 1.18E-01 9.04E-01 3.52E+00 4.65E-04 1.09E+00 1.66E-01 -1.02E+00 2.23E-01 2.32E-01 7.16E-01 
               (Intercept)56 3.84E+00 4.73E-40 -3.15E-01 1.00E+00 -2.86E+00 9.97E-01 -1.19E+00 9.99E-01 3.27E+00 1.02E-42 4.12E+00 6.92E-50 3.55E+00 5.59E-72 
as.ordered(VariationInFlow).L 1.12E+00 8.85E-02 8.04E+00 9.94E-01 6.84E+00 9.95E-01 7.05E+00 9.95E-01 1.38E+00 1.12E-02 1.09E+00 8.30E-02 5.61E-01 2.10E-01 
as.ordered(VariationInFlow).Q 4.28E-01 4.47E-01 5.30E+00 9.95E-01 4.91E+00 9.96E-01 4.58E+00 9.96E-01 -4.27E-01 3.57E-01 7.08E-01 1.86E-01 1.06E-01 7.82E-01 
as.ordered(VariationInFlow).C -3.79E-01 6.27E-01 -1.28E+01 9.95E-01 -1.06E+01 9.96E-01 -1.28E+01 9.95E-01 8.64E-02 8.93E-01 -1.16E+00 1.21E-01 -2.41E-01 6.51E-01 
as.ordered(VariationInFlow)^4 7.58E-01 1.84E-01 1.03E+01 9.95E-01 8.89E+00 9.96E-01 9.60E+00 9.95E-01 3.52E-01 4.53E-01 9.56E-01 8.14E-02 7.57E-01 5.28E-02 
               (Intercept)57 3.14E+00 1.43E-22 3.05E+00 1.53E-12 -4.23E+00 9.96E-01 3.02E+00 1.43E-19 3.30E+00 4.62E-33 3.41E+00 3.82E-30 3.81E+00 1.63E-64 
as.ordered(SludgeLayer).L -1.75E+00 2.14E-02 -1.08E+00 2.91E-01 -1.23E+01 9.96E-01 -2.40E-01 7.61E-01 -8.19E-02 9.00E-01 -1.75E+00 1.34E-02 -5.78E-03 9.91E-01 
as.ordered(SludgeLayer).Q 8.62E-02 8.93E-01 6.34E-01 4.62E-01 -7.95E+00 9.96E-01 -7.77E-03 9.91E-01 7.03E-01 2.02E-01 1.32E-01 8.25E-01 4.25E-01 3.44E-01 
as.ordered(SludgeLayer).C 8.55E-01 8.42E-02 -7.08E-01 2.90E-01 -3.73E+00 9.96E-01 -8.62E-02 8.68E-01 -5.41E-02 9.00E-01 4.44E-01 3.35E-01 5.52E-01 1.16E-01 
               (Intercept)58 3.62E+00 1.61E-52 3.93E+00 1.61E-33 3.70E-01 2.67E-01 3.22E+00 1.07E-39 3.54E+00 6.33E-65 4.06E+00 6.14E-75 3.74E+00 1.19E-110 
as.ordered(Twigs).L -1.61E+00 1.10E-03 -7.72E-01 2.54E-01 -7.77E-01 2.65E-01 -5.72E-02 9.10E-01 -4.21E-01 3.31E-01 -1.41E+00 2.31E-03 -6.36E-01 6.79E-02 
as.ordered(Twigs).Q -4.25E-01 1.64E-01 -1.48E-01 7.26E-01 -5.53E-01 1.91E-01 1.22E-01 6.99E-01 -6.75E-02 8.02E-01 -3.40E-01 2.36E-01 -1.12E-01 6.06E-01 
               (Intercept)59 3.40E+00 2.17E-18 3.55E+00 1.34E-11 -5.25E+00 9.96E-01 3.05E+00 7.75E-15 3.57E+00 1.12E-27 3.76E+00 2.67E-24 3.95E+00 1.23E-49 
as.ordered(Branch).L -1.44E+00 7.63E-02 -1.21E+00 2.69E-01 -1.28E+01 9.96E-01 -2.52E-01 7.58E-01 -1.20E-01 8.60E-01 -1.48E+00 5.60E-02 1.53E-01 7.83E-01 
as.ordered(Branch).Q -4.63E-01 3.53E-01 -5.07E-01 4.51E-01 -7.36E+00 9.96E-01 -9.60E-02 8.49E-01 2.49E-01 5.54E-01 -7.90E-01 9.59E-02 2.04E-01 5.52E-01 
               (Intercept)60 3.71E+00 7.45E-47 3.55E+00 2.97E-24 4.03E-01 2.25E-01 3.08E+00 1.76E-31 3.40E+00 8.69E-52 4.25E+00 3.59E-68 3.56E+00 4.67E-86 
as.ordered(Logs).L -5.78E-01 1.14E-01 -8.47E-01 8.67E-02 -5.70E-01 2.25E-01 -1.35E-01 7.18E-01 -3.69E-01 2.45E-01 -3.07E-01 3.73E-01 -5.03E-01 4.92E-02 
               (Intercept)61 3.82E+00 8.50E-140 3.67E+00 1.00E-73 4.39E-01 1.91E-02 2.98E+00 5.74E-84 3.49E+00 3.75E-157 4.13E+00 4.22E-198 3.60E+00 5.85E-265 
as.ordered(MineralSubstrate).L 4.91E-01 2.32E-01 -5.55E-01 3.08E-01 -1.56E-01 7.61E-01 -5.89E-01 1.55E-01 -4.68E-01 1.84E-01 2.15E-01 5.63E-01 4.26E-01 1.29E-01 
as.ordered(MineralSubstrate).Q -7.93E-01 3.09E-02 -1.05E+00 3.12E-02 -4.80E-01 2.90E-01 -5.39E-01 1.47E-01 -2.10E-01 5.06E-01 -9.92E-01 2.93E-03 -7.97E-01 1.53E-03 
as.ordered(MineralSubstrate).C 4.25E-01 1.64E-01 6.45E-01 1.13E-01 9.12E-01 1.64E-02 2.03E-01 5.13E-01 3.94E-01 1.36E-01 3.04E-01 2.73E-01 5.65E-01 6.51E-03 
as.ordered(MineralSubstrate)^4 3.71E-01 1.42E-01 3.02E-01 3.70E-01 5.88E-02 8.44E-01 6.52E-02 7.99E-01 2.14E-01 3.27E-01 4.62E-01 4.38E-02 2.60E-01 1.27E-01 
               (Intercept)62 4.20E+00 6.13E-157 4.32E+00 1.01E-88 8.59E-01 2.02E-06 3.12E+00 1.20E-86 3.70E+00 2.07E-163 4.53E+00 2.56E-200 3.96E+00 2.23E-276 
factor(BankShape)2 -5.22E-01 1.36E-01 -4.25E-01 3.75E-01 -1.25E-01 7.58E-01 4.45E-01 2.03E-01 2.61E-01 3.85E-01 -4.53E-01 1.75E-01 -4.03E-02 8.71E-01 
factor(BankShape)3 -1.14E+00 7.93E-02 -1.02E+00 2.50E-01 -1.66E-01 8.26E-01 6.54E-01 3.07E-01 -2.94E-01 5.97E-01 -1.01E+00 1.03E-01 -1.05E+00 2.44E-02 
factor(BankShape)4 -6.06E-02 8.43E-01 -6.25E-01 1.37E-01 -2.91E-01 4.22E-01 -3.46E-01 2.62E-01 -5.17E-01 5.10E-02 2.79E-02 9.24E-01 -2.30E-01 2.89E-01 
factor(BankShape)5 -3.51E+00 6.70E-03 -3.62E+00 2.83E-02 -8.59E-01 5.58E-01 -2.04E+01 9.95E-01 -2.09E+00 4.26E-02 -1.83E+00 8.69E-02 -2.49E-01 7.49E-01 
               (Intercept)63 3.89E+00 4.26E-94 3.48E+00 2.25E-42 6.32E-01 5.59E-03 3.00E+00 2.56E-53 3.50E+00 5.50E-99 4.48E+00 7.38E-145 3.79E+00 1.77E-179 
as.ordered(BankSlope).L 7.45E-02 8.75E-01 8.57E-01 1.79E-01 1.33E-01 8.18E-01 6.84E-01 1.61E-01 2.43E-01 5.57E-01 -3.17E-01 4.67E-01 5.27E-01 1.11E-01 
as.ordered(BankSlope).Q -6.12E-01 1.06E-01 -1.56E+00 2.15E-03 -4.54E-01 3.20E-01 -3.04E-01 4.36E-01 -3.67E-01 2.67E-01 3.33E-01 3.41E-01 -9.45E-02 7.21E-01 
as.ordered(BankSlope).C 3.27E-02 8.96E-01 1.80E-01 5.91E-01 1.29E-01 6.58E-01 3.83E-01 1.38E-01 6.99E-02 7.50E-01 -5.88E-01 1.17E-02 2.37E-01 1.78E-01 
               (Intercept)64 4.03E+00 1.13E-199 4.10E+00 1.46E-117 8.00E-01 8.22E-08 3.23E+00 1.39E-133 3.68E+00 4.04E-237 4.30E+00 1.73E-261 3.86E+00 0.00E+00 







Deposit feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
 
Estimates p-values Estimates p-values Estimates p-values Estimates p-values Estimates p-values Estimates pvalues Estimates pvalues 
as.ordered(BedCompaction).Q -1.44E-01 5.91E-01 -3.07E-01 3.87E-01 -3.09E-01 3.00E-01 -4.57E-02 8.62E-01 -1.55E-01 4.88E-01 -4.56E-01 6.72E-02 -4.66E-01 9.55E-03 
as.ordered(BedCompaction).C -3.79E-01 1.36E-01 -6.81E-01 4.37E-02 6.25E-03 9.82E-01 -4.19E-01 9.29E-02 -4.04E-01 5.70E-02 -1.27E-01 5.91E-01 -2.22E-01 1.91E-01 
               (Intercept)65 3.93E+00 1.87E-184 3.74E+00 4.73E-102 6.71E-01 1.64E-05 3.09E+00 1.73E-116 3.48E+00 2.71E-220 4.25E+00 5.04E-248 3.84E+00 0.00E+00 
as.ordered(SedimentMatrix).L -3.57E-02 9.05E-01 -1.16E+00 2.63E-03 -6.57E-01 6.24E-02 -8.53E-01 4.19E-03 -8.29E-01 6.64E-04 1.40E-01 6.16E-01 -1.92E-01 3.61E-01 
as.ordered(SedimentMatrix).Q -1.99E-01 4.63E-01 -7.52E-01 3.08E-02 -4.86E-01 1.19E-01 -2.17E-01 4.21E-01 -3.93E-01 7.40E-02 -7.98E-01 1.57E-03 -4.23E-01 2.54E-02 
as.ordered(SedimentMatrix).C -4.92E-01 4.00E-02 -9.18E-01 2.72E-03 -2.15E-01 4.16E-01 -4.10E-01 8.29E-02 -5.31E-01 5.94E-03 3.58E-02 8.72E-01 1.57E-01 3.44E-01 
               (Intercept)66 3.17E+00 1.43E-21 3.28E+00 7.34E-14 5.35E-01 2.00E-01 2.75E+00 3.02E-16 3.37E+00 1.20E-32 4.02E+00 4.79E-38 3.46E+00 4.72E-50 
as.ordered(SedimentAngularity).L 3.77E-01 6.67E-01 -5.91E-01 6.09E-01 3.80E-01 7.30E-01 -7.18E-01 4.18E-01 -3.81E-01 6.09E-01 6.36E-01 4.38E-01 5.18E-01 3.99E-01 
as.ordered(SedimentAngularity).Q -2.00E+00 2.59E-03 -1.88E+00 3.19E-02 -5.60E-01 5.02E-01 -9.30E-01 1.67E-01 -6.62E-01 2.42E-01 -9.87E-01 1.13E-01 -9.71E-01 3.72E-02 
as.ordered(SedimentAngularity).C -1.22E-01 7.22E-01 -6.85E-01 1.32E-01 1.13E-03 9.98E-01 -3.03E-01 3.84E-01 -3.31E-01 2.60E-01 2.89E-02 9.29E-01 -3.07E-02 8.98E-01 
               (Intercept)67 3.96E+00 2.12E-201 4.09E+00 1.34E-114 7.18E-01 2.24E-06 3.04E+00 1.16E-121 3.57E+00 2.60E-216 4.41E+00 1.80E-271 3.76E+00 0.00E+00 
as.ordered(RiffleClass).L 1.23E-01 6.21E-01 3.25E-01 3.41E-01 1.57E-01 5.89E-01 7.96E-01 1.24E-03 3.66E-01 9.13E-02 3.94E-02 8.69E-01 1.14E-02 9.46E-01 
as.ordered(RiffleClass).Q -4.21E-01 3.67E-02 6.66E-02 8.10E-01 -1.79E-01 4.39E-01 -6.08E-02 7.60E-01 -1.15E-01 5.13E-01 -1.43E-01 4.60E-01 -4.29E-01 1.78E-03 
               (Intercept)68 4.06E+00 8.44E-220 4.13E+00 5.93E-125 7.92E-01 3.19E-08 3.19E+00 3.40E-139 3.65E+00 6.57E-258 4.30E+00 2.00E-300 3.89E+00 0.00E+00 
as.ordered(Algae).L -1.31E-01 4.72E-01 1.92E-01 4.35E-01 1.84E-01 3.63E-01 4.09E-01 2.28E-02 4.28E-01 4.52E-03 -5.30E-01 1.24E-03 2.93E-02 8.18E-01 
               (Intercept)69 4.05E+00 5.23E-133 3.85E+00 1.47E-67 5.27E-01 8.08E-03 3.25E+00 1.07E-84 3.48E+00 2.60E-133 4.47E+00 3.58E-182 3.95E+00 2.74E-259 
as.ordered(Carabao).L -8.37E-02 7.20E-01 -4.95E-01 1.14E-01 -4.71E-01 9.43E-02 1.97E-01 4.04E-01 -2.96E-01 1.40E-01 5.14E-02 8.15E-01 1.46E-01 3.69E-01 
               (Intercept)70 4.35E+00 1.73E-100 4.50E+00 2.23E-60 7.07E-01 3.20E-03 2.87E+00 1.57E-41 3.84E+00 4.39E-104 4.85E+00 1.73E-155 4.15E+00 1.54E-197 






Appendix Table 4.3. Estimates and p-values of each trait modalities based on weighted trait 
abundance estimation (TAE) method containing two environmental variables.  Highlighted 
and in bold p-values indicate that the estimate is not equal to zero.   
 Estimate p-value 
a. Deposit feeder   
Intercept 2.858 < 2e-16 
Velocity 1.621 4.96e-05 
Conductivity^2 3.684E-06 0.00385 
b. Filter feeder   
Intercept 1.48 0.00754 
Velocity 1.591 0.00254 
Conductivity^2 -1.989E-05 0.00119 
Conductivity 1.328E-02 0.00357 
c. Scraper   
Intercept 2.717 3.12e-13 
Velocity 1.002 0.00653 
Conductivity^2 -1.208E-05  0.00634 
Conductivity 8.570E-03  0.00187 
d. Shredder   
Intercept 3.8301 < 2e-16 
Mean depth^2 -9.1653 0.00348 
Velocity 0.5426 0.04501 
e. Predator   
Intercept 3.201102 <2E-16 
Velocity 0.858793  0.0115 
Chlorophyll^2 -0.003977 0.0259 
f. Filter feeder   
Intercept 0.918114  0.42029  
Turbidity^2 -0.002539 0.01551  
Nitrate^2 -12.737894 0.00924  
Nitrate 15.629213 0.00603  
 
Appendix Table 4.4. Estimates and p-values of each trait modalities based on weighted trait 
abundance estimation method containing two environmental variables with the 
incorporation of interaction terms. Highlighted and in bold p-values indicate that the 
estimate is not equal to zero.   
 Estimate p-value 
Deposit feeder   
Intercept 2.93 9.760 
Velocity 1.39 2.622 
Conductivity^2 2.32E-06 0.886 
Velocity: Conductivity^2 5.00E-06 0.615 
Filter feeder   
Intercept 5.656e-01 0.392427 
Velocity 2.971e+00 2.75e-05  
Conductivity^2 -1.920e-05   0.003093  
Conductivity 1.730e-02 0.000131  
Conductivity^2:Velocity -2.766e-05 0.021631 
Scraper   






 Estimate p-value 
Velocity -1.279e+00 0.364 
Conductivity^2 -3.161e-06 0.696 
Conductivity 2.467e-03 0.606 
Conductivity^2:Velocity -2.742e-05  0.284  
Conductivity:Velocity 1.781e-02 0.151 
Shredder   
Intercept 3.7099 <2e-16 
Mean depth^2 -5.8727 0.1390 
Velocity 1.0228 0.0217 
MeanDepth^2:Velocity -16.3908 0.1455 
Predator   
Intercept 3.210504 <2e-16 
Velocity 0.806397 0.0179 
Chlorophyll^2 -0.009920  0.0587 
Velocity: Chlorophyll^2 0.020227 0.2132 
Filter feeder   
Intercept 0.08105 0.947258  
Turbidity^2 0.03370 0.111139 
Nitrate^2 -18.13685 0.000954 
Nitrate 20.40303 0.001055 
Turbidity^2:Nitrate.N^2 0.40377 0.078893 









Appendix Table 5.1. Estimates and p-values of each feeding strategy. For all numeric variables, the model containing both the linear and 
quadratic terms are based on the mean-centered variables as described in the text. The final model is explained in the text.  
 
Deposit Feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
(Intercept) 3.03E+00 4.29E-63 2.49E+00 8.01E-24 1.19E-01 5.84E-01 2.13E+00 8.95E-37 2.73E+00 7.36E-60 3.76E+00 1.06E-98 2.31E+00 6.83E-42 
I(ElevationT^2) -6.17E-06 6.97E-03 -2.17E-06 4.87E-01 1.73E-06 5.21E-01 -4.63E-06 3.11E-02 -1.19E-06 5.74E-01 -5.33E-06 1.82E-02 -4.60E-07 8.30E-01 
ElevationT 5.73E-03 3.53E-05 2.99E-03 1.13E-01 -1.22E-03 4.61E-01 3.65E-03 4.80E-03 1.44E-03 2.59E-01 4.61E-03 7.36E-04 2.21E-03 8.97E-02 
(Intercept)2 
    
2.17E-01 2.28E-01 
    
3.45E+00 2.48E-106 2.13E+00 3.81E-48 
I(Elevation^2) 
    
-4.76E-08 9.55E-01 
    
1.90E-06 8.60E-03 2.27E-06 5.49E-04 
(Intercept)1 
  
2.05E+00 5.40E-17 2.51E-01 2.33E-01 
  
2.52E+00 1.93E-52 3.18E+00 1.11E-69 1.96E+00 7.32E-31 
Elevation 
  
2.02E-03 2.11E-02 -2.33E-04 7.64E-01 
  
9.16E-04 1.21E-01 2.20E-03 6.58E-04 2.00E-03 8.15E-04 
               (Intercept)3 2.71E+00 7.86E-60 2.49E+00 1.35E-27 2.91E-01 1.39E-01 1.68E+00 1.34E-28 2.52E+00 5.48E-61 3.36E+00 5.43E-89 2.30E+00 1.46E-47 
I(VelocityT^2) 1.71E-01 8.66E-01 -1.01E+00 4.70E-01 -1.03E+00 4.47E-01 2.16E+00 1.65E-02 1.67E+00 7.09E-02 2.22E+00 2.99E-02 1.22E-01 8.99E-01 
VelocityT 2.49E+00 5.78E-05 1.87E+00 2.82E-02 2.50E-01 7.32E-01 7.13E-01 2.04E-01 9.96E-02 8.60E-01 4.42E-01 4.78E-01 1.36E+00 2.20E-02 
(Intercept)5 2.24E+00 6.40E-40 2.22E+00 8.16E-22 2.54E-01 1.95E-01 1.58E+00 2.98E-25 2.54E+00 1.03E-61 3.32E+00 5.11E-87 2.10E+00 4.33E-39 
I(Velocity^2) 2.62E+00 1.40E-09 1.13E+00 5.78E-02 -2.18E-01 6.85E-01 1.46E+00 1.13E-04 6.70E-01 8.83E-02 1.20E+00 5.85E-03 1.16E+00 4.36E-03 
(Intercept)4 1.88E+00 1.40E-17 1.92E+00 1.93E-10 2.21E-01 3.89E-01 1.44E+00 1.46E-12 2.52E+00 1.16E-35 3.24E+00 9.08E-48 1.85E+00 1.68E-18 
Velocity 2.53E+00 2.46E-07 1.48E+00 2.85E-02 -2.24E-02 9.69E-01 1.33E+00 3.05E-03 4.74E-01 2.98E-01 1.03E+00 4.04E-02 1.41E+00 2.66E-03 
               (Intercept)6 2.77E+00 9.99E-61 2.38E+00 5.69E-29 3.08E-01 1.01E-01 1.85E+00 9.16E-32 2.64E+00 5.69E-70 3.35E+00 1.28E-91 1.91E+00 1.74E-38 
I(TemperatureT^2) 3.69E-03 7.64E-01 -2.37E-02 2.03E-01 -1.87E-02 2.40E-01 1.80E-02 9.81E-02 4.66E-03 6.56E-01 3.43E-02 2.90E-03 4.73E-02 2.03E-06 
TemperatureT -2.88E-01 4.51E-06 -3.22E-01 1.37E-04 -4.55E-02 5.45E-01 -6.06E-02 2.91E-01 -7.24E-02 1.89E-01 -8.34E-02 1.70E-01 -1.09E-01 3.89E-02 
(Intercept)8 6.26E+00 2.30E-16 6.47E+00 7.64E-11 8.48E-01 3.08E-01 2.28E+00 8.60E-04 3.45E+00 9.11E-08 4.00E+00 4.11E-08 
  I(Temperature^2) -5.42E-03 4.61E-06 -6.60E-03 2.10E-05 -1.00E-03 4.36E-01 -4.52E-04 6.67E-01 -1.20E-03 2.24E-01 -5.53E-04 6.20E-01 
  (Intercept)7 9.91E+00 7.92E-11 1.05E+01 8.23E-08 1.28E+00 4.43E-01 2.74E+00 4.86E-02 4.31E+00 9.85E-04 4.56E+00 2.06E-03 
  Temperature -2.83E-01 3.00E-06 -3.28E-01 2.65E-05 -4.27E-02 5.20E-01 -2.98E-02 5.89E-01 -6.49E-02 2.10E-01 -3.64E-02 5.34E-01 
  
               (Intercept)9 3.30E+00 2.03E-55 2.34E+00 1.08E-19 3.82E-01 8.52E-02 1.93E+00 5.02E-25 2.87E+00 3.50E-62 3.67E+00 4.98E-79 2.33E+00 1.96E-34 
I(ConductivityT^2) -1.33E-05 1.09E-02 -7.87E-07 9.03E-01 -8.66E-06 1.85E-01 2.33E-06 6.01E-01 -7.91E-06 5.94E-02 -2.61E-06 5.78E-01 2.60E-06 5.69E-01 
ConductivityT 1.89E-03 2.95E-01 -4.47E-03 4.27E-02 3.98E-04 8.34E-01 -9.06E-05 9.55E-01 2.21E-03 1.37E-01 2.59E-03 1.23E-01 1.41E-04 9.32E-01 
(Intercept)11 3.24E+00 9.30E-67 2.76E+00 8.04E-35 3.82E-01 4.73E-02 1.92E+00 6.63E-32 2.73E+00 1.56E-69 3.47E+00 3.43E-90 2.31E+00 2.68E-43 
I(Conductivity^2) -3.41E-06 1.05E-02 -5.93E-06 7.24E-04 -2.89E-06 9.21E-02 9.22E-07 4.07E-01 -5.50E-07 6.08E-01 1.97E-06 9.63E-02 1.30E-06 2.53E-01 
(Intercept)10 
  
3.33E+00 4.77E-25 5.29E-01 5.89E-02 1.86E+00 8.48E-16 2.65E+00 1.44E-33 3.23E+00 2.70E-40 2.22E+00 8.65E-21 
Conductivity 
  
-4.72E-03 1.77E-04 -1.58E-03 1.61E-01 5.99E-04 4.80E-01 1.82E-04 8.22E-01 1.75E-03 5.05E-02 8.84E-04 3.09E-01 
               (Intercept)12 2.58E+00 2.09E-35 2.63E+00 7.77E-23 5.68E-02 7.95E-01 1.81E+00 7.05E-24 2.58E+00 3.38E-49 3.65E+00 4.60E-79 2.34E+00 2.68E-35 
I(pHT^2) 1.25E+00 1.49E-02 -5.37E-01 4.22E-01 4.38E-01 3.99E-01 4.06E-01 3.63E-01 3.61E-01 4.04E-01 -2.51E-01 6.05E-01 1.55E-01 7.42E-01 
pHT 1.10E+00 4.87E-04 -2.81E-01 4.92E-01 -3.41E-01 2.99E-01 7.56E-01 5.28E-03 -2.66E-01 3.16E-01 7.11E-01 1.59E-02 6.07E-01 3.41E-02 
(Intercept)13 4.83E-01 7.00E-01 3.48E+00 2.74E-02 1.99E+00 1.18E-01 -9.58E-01 3.71E-01 3.94E+00 1.34E-04 6.02E-01 5.99E-01 1.59E-01 8.86E-01 
I(pH^2) 4.06E-02 4.51E-02 -1.60E-02 5.30E-01 -2.95E-02 1.56E-01 4.69E-02 6.46E-03 -2.05E-02 2.18E-01 4.86E-02 8.51E-03 3.62E-02 4.42E-02 
(Intercept)14 -1.68E+00 4.94E-01 4.36E+00 1.59E-01 3.81E+00 1.27E-01 -3.73E+00 7.63E-02 5.21E+00 9.89E-03 -2.32E+00 3.01E-01 -1.92E+00 3.80E-01 
pH 5.96E-01 5.78E-02 -2.38E-01 5.48E-01 -4.64E-01 1.48E-01 7.23E-01 6.96E-03 -3.24E-01 2.09E-01 7.55E-01 8.30E-03 5.50E-01 4.85E-02 







Deposit Feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
(Intercept)15 2.92E+00 1.28E-51 2.60E+00 3.29E-28 -5.40E-02 7.73E-01 1.83E+00 1.61E-29 2.59E+00 1.91E-64 3.49E+00 5.30E-90 2.45E+00 1.43E-46 
I(DOT^2) 3.31E-02 2.90E-01 -4.21E-02 2.80E-01 4.84E-02 7.48E-02 3.55E-02 1.71E-01 1.64E-02 5.06E-01 3.32E-02 2.37E-01 -8.79E-03 7.52E-01 
DOT 1.33E-01 2.24E-01 -2.20E-01 1.07E-01 -5.92E-02 5.53E-01 2.04E-01 2.47E-02 -1.12E-01 1.96E-01 1.57E-01 1.10E-01 -3.14E-02 7.46E-01 
(Intercept)17 2.90E+00 3.96E-11 3.14E+00 4.37E-09 9.63E-01 2.11E-02 1.25E+00 7.99E-04 3.24E+00 1.20E-20 3.02E+00 2.05E-14 2.48E+00 1.36E-10 
I(DO^2) 2.34E-03 7.31E-01 -1.12E-02 1.79E-01 -1.38E-02 4.36E-02 1.18E-02 4.04E-02 -9.78E-03 7.18E-02 9.85E-03 1.09E-01 -1.05E-03 8.61E-01 
(Intercept)16 2.91E+00 3.67E-05 3.49E+00 4.90E-05 1.58E+00 1.17E-02 8.45E-01 1.64E-01 3.72E+00 1.76E-11 2.68E+00 2.63E-05 2.49E+00 6.18E-05 
DO 1.73E-02 8.50E-01 -1.35E-01 2.27E-01 -1.95E-01 2.03E-02 1.48E-01 5.84E-02 -1.43E-01 4.70E-02 1.25E-01 1.31E-01 -9.00E-03 9.11E-01 
               (Intercept)18 3.03E+00 4.76E-50 2.56E+00 4.35E-24 3.44E-01 9.55E-02 2.08E+00 7.32E-32 2.84E+00 1.63E-64 3.77E+00 1.53E-118 2.49E+00 6.95E-58 
I(ChlorophyllT^2) -3.89E-03 4.42E-01 -5.28E-03 3.94E-01 -6.41E-03 3.03E-01 -5.56E-03 2.54E-01 -1.00E-02 9.20E-02 -3.07E-03 3.14E-02 -2.01E-03 1.02E-01 
ChlorophyllT -4.72E-02 6.05E-01 -5.15E-03 9.64E-01 7.39E-02 4.21E-01 1.55E-02 8.45E-01 6.51E-02 3.81E-01 8.41E-02 1.61E-01 6.60E-02 2.43E-01 
(Intercept)19 3.12E+00 2.78E-78 2.58E+00 8.46E-36 2.52E-01 1.39E-01 2.06E+00 9.55E-47 2.76E+00 1.45E-93 3.68E+00 3.22E-128 2.45E+00 7.25E-63 
I(Chlorophyll^2) -4.70E-03 4.47E-02 -3.62E-03 1.37E-01 -1.33E-03 4.31E-01 -2.95E-03 1.20E-01 -3.55E-03 4.62E-02 -4.23E-04 2.60E-01 -6.16E-04 1.37E-01 
(Intercept)20 3.31E+00 3.47E-61 2.74E+00 2.83E-30 3.00E-01 1.27E-01 2.19E+00 2.42E-38 2.89E+00 2.20E-76 3.64E+00 2.60E-101 2.45E+00 2.74E-50 
Chlorophyll -9.46E-02 1.25E-02 -7.64E-02 5.32E-02 -2.52E-02 4.12E-01 -6.02E-02 4.18E-02 -6.24E-02 1.37E-02 3.71E-03 8.57E-01 -6.97E-03 7.28E-01 
               (Intercept)21 3.21E+00 1.18E-56 2.69E+00 6.13E-27 6.75E-01 1.75E-02 1.95E+00 2.18E-34 2.69E+00 1.22E-72 3.71E+00 1.18E-107 2.54E+00 3.71E-55 
I(TurbidityT^2) -1.28E-02 4.03E-02 -1.18E-02 1.01E-01 -6.70E-02 2.71E-02 -8.24E-04 7.27E-01 -1.54E-03 4.55E-01 -3.37E-03 1.33E-01 -4.60E-03 4.17E-02 
TurbidityT 2.13E-02 7.27E-01 3.90E-02 6.07E-01 -5.68E-02 4.31E-01 -6.56E-02 1.83E-01 -3.79E-02 4.07E-01 -3.22E-03 9.50E-01 4.95E-02 3.18E-01 
(Intercept)22 3.19E+00 7.53E-79 2.65E+00 2.00E-36 4.17E-01 2.66E-02 2.07E+00 1.59E-47 2.76E+00 3.77E-93 3.73E+00 8.19E-132 2.49E+00 5.93E-63 
I(Turbidity^2) -6.40E-03 6.45E-03 -5.45E-03 3.00E-02 -1.13E-02 9.27E-02 -2.69E-03 1.43E-02 -2.27E-03 5.79E-03 -2.66E-03 1.69E-03 -1.92E-03 2.55E-02 
(Intercept)23 3.39E+00 9.42E-66 2.82E+00 1.25E-30 5.13E-01 1.75E-02 2.26E+00 2.61E-40 2.93E+00 5.87E-76 3.89E+00 8.04E-104 2.51E+00 1.26E-46 
Turbidity -9.92E-02 7.62E-04 -8.57E-02 1.60E-02 -9.19E-02 4.62E-02 -7.91E-02 3.83E-03 -6.81E-02 3.40E-03 -6.59E-02 7.86E-03 -2.23E-02 3.50E-01 
               (Intercept)24 2.72E+00 5.65E-59 2.38E+00 2.30E-28 7.91E-02 6.50E-01 1.96E+00 1.20E-38 2.66E+00 3.33E-77 3.42E+00 5.28E-110 2.27E+00 5.82E-50 
I(CODT^2) 6.82E-04 2.86E-03 3.22E-04 2.75E-01 2.81E-04 1.96E-01 6.52E-05 7.59E-01 1.04E-04 5.94E-01 4.00E-04 5.86E-02 3.78E-04 6.87E-02 
CODT -4.96E-02 2.50E-03 -2.65E-02 2.09E-01 -6.91E-03 6.81E-01 -1.51E-02 3.07E-01 -3.12E-03 8.23E-01 -5.06E-02 7.48E-04 -3.16E-02 3.42E-02 
(Intercept)25 3.02E+00 9.33E-68 2.51E+00 1.04E-31 8.17E-02 6.33E-01 2.04E+00 6.02E-43 2.66E+00 6.19E-80 
  
2.42E+00 2.25E-56 
I(COD^2) 3.31E-05 7.42E-01 -1.02E-05 9.35E-01 1.40E-04 8.98E-02 -1.04E-04 2.73E-01 4.40E-05 5.88E-01 
  
-6.59E-06 9.41E-01 
(Intercept)26 2.83E+00 2.28E-31 2.60E+00 6.09E-19 -3.95E-02 8.65E-01 2.18E+00 1.41E-26 2.64E+00 5.47E-43 3.98E+00 1.05E-78 2.51E+00 2.29E-33 
COD 1.34E-02 2.00E-01 -5.96E-03 6.35E-01 1.26E-02 1.68E-01 -1.22E-02 1.80E-01 2.89E-03 7.24E-01 -2.49E-02 7.63E-03 -6.11E-03 4.98E-01 
               (Intercept)30 3.08E+00 1.14E-56 2.29E+00 3.08E-22 -1.42E-01 5.17E-01 1.92E+00 2.36E-30 2.55E+00 4.88E-59 3.64E+00 3.43E-92 2.08E+00 3.56E-35 
I(Nitrate.NT^2) -5.35E-01 5.70E-01 1.10E+00 3.36E-01 2.34E+00 1.91E-02 5.92E-01 4.63E-01 1.10E+00 1.45E-01 9.65E-02 9.11E-01 2.26E+00 4.64E-03 
Nitrate.NT -3.24E-02 9.74E-01 -2.43E+00 4.55E-02 -3.02E+00 8.84E-03 -9.16E-01 2.86E-01 -1.37E+00 8.71E-02 -3.11E-01 7.33E-01 -2.90E+00 7.61E-04 
(Intercept)31 3.11E+00 3.72E-67 2.60E+00 4.80E-32 2.43E-01 1.87E-01 2.04E+00 2.48E-39 2.72E+00 1.18E-76 3.68E+00 3.11E-109 2.47E+00 1.90E-54 
I(Nitrate.N^2) -3.40E-01 2.16E-01 -4.98E-01 1.48E-01 -1.21E-01 6.80E-01 -1.51E-01 5.26E-01 -1.09E-01 6.22E-01 -1.05E-01 6.73E-01 -2.13E-01 3.81E-01 
(Intercept)32 3.26E+00 2.19E-36 2.92E+00 2.72E-20 4.10E-01 1.30E-01 2.14E+00 9.26E-22 2.82E+00 4.31E-41 3.74E+00 7.24E-56 2.65E+00 1.74E-31 
Nitrate.N -5.76E-01 2.44E-01 -1.20E+00 5.16E-02 -5.26E-01 3.44E-01 -3.59E-01 4.03E-01 -3.37E-01 4.02E-01 -2.19E-01 6.27E-01 -6.38E-01 1.46E-01 
               (Intercept)33 3.00E+00 6.17E-66 2.31E+00 3.68E-28 1.40E-01 4.60E-01 2.03E+00 1.17E-41 2.46E+00 6.50E-73 3.67E+00 2.22E-116 2.35E+00 2.69E-53 
I(ClT^2) 4.51E-04 6.95E-01 9.42E-04 5.50E-01 1.44E-04 9.48E-01 -7.58E-04 4.55E-01 2.53E-03 4.74E-03 -5.91E-04 5.76E-01 5.85E-04 5.73E-01 







Deposit Feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
(Intercept)34 3.06E+00 5.02E-74 2.58E+00 5.01E-34 2.88E-01 1.06E-01 2.02E+00 3.73E-44 2.71E+00 1.22E-87 3.68E+00 9.72E-127 2.46E+00 1.49E-62 
I(Cl^2) -3.61E-04 4.41E-01 -2.54E-03 1.72E-01 -2.15E-03 3.03E-01 -2.46E-04 5.51E-01 -2.65E-04 4.90E-01 -5.03E-04 2.42E-01 -7.99E-04 1.05E-01 
(Intercept)35 3.14E+00 5.04E-56 2.84E+00 6.74E-28 4.82E-01 3.56E-02 2.02E+00 6.39E-32 2.80E+00 2.63E-68 3.76E+00 5.06E-94 2.60E+00 6.03E-49 
Cl -2.35E-02 3.04E-01 -9.50E-02 1.39E-02 -6.70E-02 9.96E-02 -4.13E-03 8.33E-01 -2.84E-02 1.34E-01 -2.26E-02 2.77E-01 -4.33E-02 4.83E-02 
               (Intercept)36 3.03E+00 6.14E-75 2.52E+00 4.51E-35 2.16E-01 2.02E-01 2.01E+00 4.43E-04 2.70E+00 5.57E-90 3.64E+00 1.76E-127 2.39E+00 5.85E-61 
I(TotalPT^2) 2.62E+00 8.59E-01 -1.83E+01 3.46E-01 -2.16E+00 8.91E-01 -1.93E+02 9.96E-01 -9.08E+00 4.65E-01 5.49E+00 6.85E-01 1.22E+01 3.37E-01 
TotalPT NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
(Intercept)37 2.88E+00 1.52E-03 3.59E+00 2.37E-03 3.43E-01 7.22E-01 1.34E+01 9.95E-01 3.24E+00 2.10E-05 3.32E+00 6.52E-05 1.67E+00 3.32E-02 
I(TotalP^2) 6.19E-01 8.59E-01 -4.32E+00 3.46E-01 -5.10E-01 8.91E-01 -4.57E+01 9.96E-01 -2.15E+00 4.65E-01 1.30E+00 6.85E-01 2.89E+00 3.37E-01 
(Intercept)38 2.63E+00 2.60E-01 5.36E+00 7.84E-02 5.52E-01 8.24E-01 3.22E+01 9.95E-01 4.12E+00 3.55E-02 2.79E+00 1.92E-01 4.82E-01 8.11E-01 
TotalP 8.18E-01 8.59E-01 -5.70E+00 3.46E-01 -6.73E-01 8.91E-01 -6.04E+01 9.96E-01 -2.83E+00 4.65E-01 1.71E+00 6.85E-01 3.82E+00 3.37E-01 
               (Intercept)39 3.01E+00 6.51E-57 2.34E+00 1.44E-23 6.24E-01 3.25E-03 1.97E+00 1.74E-33 2.76E+00 8.47E-74 3.64E+00 6.69E-98 2.46E+00 2.64E-48 
I(Ammonium.NT^2) -1.00E-01 9.30E-01 1.55E+00 2.55E-01 -8.35E+00 4.83E-03 2.97E-01 7.54E-01 -1.11E+00 2.12E-01 -1.62E-01 8.75E-01 -6.67E-01 5.20E-01 
Ammonium.NT -9.32E-01 5.19E-01 -2.14E+00 2.27E-01 6.11E+00 1.77E-03 -1.63E-01 8.95E-01 1.60E+00 1.62E-01 -7.89E-01 5.48E-01 5.60E-02 9.65E-01 
(Intercept)40 3.08E+00 9.02E-76 2.49E+00 7.47E-33 2.33E-01 1.76E-01 1.98E+00 1.75E-42 2.63E+00 5.89E-83 3.70E+00 9.11E-129 2.46E+00 7.18E-62 
I(Ammonium.N^2) -6.78E-01 7.50E-02 1.31E-01 7.65E-01 -2.09E-01 6.13E-01 1.30E-01 6.68E-01 4.55E-01 1.09E-01 -6.88E-01 4.37E-02 -4.91E-01 1.49E-01 
(Intercept)41 3.15E+00 1.47E-67 2.50E+00 2.70E-28 1.19E-01 5.26E-01 1.98E+00 5.05E-36 2.58E+00 1.19E-68 3.76E+00 4.60E-113 2.49E+00 1.08E-53 
Ammonium.N -1.03E+00 7.11E-02 4.00E-02 9.54E-01 5.82E-01 2.61E-01 1.50E-01 7.54E-01 6.27E-01 1.58E-01 -9.34E-01 7.04E-02 -5.39E-01 2.85E-01 
               (Intercept)42 2.95E+00 9.64E-59 2.28E+00 9.19E-25 1.46E-01 4.18E-01 2.03E+00 2.65E-38 2.44E+00 2.04E-66 3.50E+00 3.68E-104 2.25E+00 1.40E-45 
I(AveStreamWidthT^2) 2.35E-04 3.43E-01 4.84E-04 1.06E-01 8.22E-05 7.21E-01 -1.44E-04 5.21E-01 4.98E-04 9.13E-03 1.68E-04 4.51E-01 3.65E-04 8.95E-02 
AveStreamWidthT -1.73E-02 2.62E-01 -3.39E-02 7.13E-02 7.47E-03 6.23E-01 -3.80E-03 7.75E-01 -4.05E-02 7.34E-04 -3.46E-02 1.14E-02 -3.35E-02 1.28E-02 
(Intercept)43 3.03E+00 1.77E-66 2.53E+00 2.28E-31 9.73E-02 5.80E-01 2.06E+00 5.28E-43 
  
3.73E+00 2.67E-123 2.44E+00 3.93E-56 
I(AveStreamWidth^2) 1.79E-05 8.57E-01 -3.51E-05 7.75E-01 1.23E-04 1.51E-01 -1.32E-04 1.56E-01 
  
-2.04E-04 2.85E-02 -4.28E-05 6.28E-01 
(Intercept)44 3.04E+00 1.51E-40 2.64E+00 4.89E-21 -5.01E-02 8.25E-01 2.16E+00 3.67E-28 
  
4.00E+00 2.75E-86 2.56E+00 1.89E-37 
AveStreamWidth -3.88E-04 9.66E-01 -8.89E-03 4.33E-01 1.29E-02 1.21E-01 -9.94E-03 2.18E-01 
  
-2.52E-02 2.56E-03 -9.22E-03 2.59E-01 
               (Intercept)45 3.11E+00 4.79E-44 2.89E+00 6.39E-27 2.58E-01 2.36E-01 2.02E+00 8.61E-27 2.49E+00 1.60E-43 3.39E+00 3.64E-65 2.31E+00 4.17E-33 
I(MeanDepthT^2) -1.47E+00 5.59E-01 -7.84E+00 1.05E-02 -2.10E+00 4.14E-01 -1.16E+00 5.88E-01 2.84E+00 1.56E-01 2.92E+00 1.90E-01 8.10E-01 7.08E-01 
MeanDepthT -3.08E-01 6.98E-01 1.46E+00 1.31E-01 1.99E+00 2.05E-02 -1.06E+00 1.12E-01 -1.29E+00 4.10E-02 -1.97E+00 5.06E-03 -1.64E+00 1.58E-02 
(Intercept)46 3.18E+00 5.12E-45 2.69E+00 5.28E-22 -1.49E-01 5.22E-01 2.26E+00 1.66E-32 2.79E+00 2.43E-52 3.87E+00 4.82E-80 2.69E+00 2.31E-43 
I(MeanDepth^2) -6.19E-01 3.12E-01 -7.85E-01 3.00E-01 1.20E+00 3.55E-02 -1.19E+00 2.46E-02 -4.34E-01 3.84E-01 -1.03E+00 6.35E-02 -1.26E+00 1.90E-02 
(Intercept)47 3.31E+00 6.80E-23 2.71E+00 7.33E-11 -5.26E-01 1.29E-01 2.53E+00 4.30E-19 2.96E+00 9.61E-28 4.19E+00 4.08E-44 3.01E+00 1.31E-25 
MeanDepth -6.39E-01 3.37E-01 -4.68E-01 5.70E-01 1.52E+00 1.78E-02 -1.30E+00 2.30E-02 -6.47E-01 2.30E-01 -1.36E+00 2.25E-02 -1.48E+00 1.02E-02 
               (Intercept)48 3.51E+00 1.21E-48 2.30E+00 1.15E-13 2.99E-02 9.09E-01 2.20E+00 2.80E-26 2.80E+00 8.00E-44 4.10E+00 1.60E-76 2.79E+00 5.23E-40 
factor(MainLandUse)2 -8.38E-01 1.84E-02 6.07E-01 1.83E-01 5.70E-01 1.19E-01 -1.12E-01 7.15E-01 6.51E-02 8.26E-01 -9.63E-01 3.31E-03 -5.82E-01 6.32E-02 
factor(MainLandUse)3 -1.49E+00 8.29E-04 -4.17E-01 4.65E-01 -2.71E-01 5.88E-01 -7.45E-01 5.70E-02 -6.47E-01 8.40E-02 -1.15E+00 4.96E-03 -8.32E-01 3.44E-02 
factor(MainLandUse)4 -1.09E+00 1.02E-01 -5.88E-02 9.45E-01 -5.41E-01 5.05E-01 -2.02E+00 3.30E-03 -9.71E-01 9.02E-02 -4.64E-01 4.48E-01 -2.09E+00 1.31E-03 
(Intercept)49 2.88E+00 9.86E-60 2.50E+00 6.25E-30 1.53E-01 3.80E-01 1.77E+00 5.74E-32 2.62E+00 8.77E-78 3.55E+00 8.44E-106 2.38E+00 8.43E-54 







Deposit Feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
as.ordered(Shading).Q 4.12E-01 3.74E-01 -1.75E-01 7.63E-01 4.20E-01 3.35E-01 4.96E-01 2.13E-01 6.65E-01 7.02E-02 3.05E-01 4.76E-01 8.85E-01 2.77E-02 
as.ordered(Shading).C 1.01E-01 8.10E-01 8.18E-01 1.17E-01 -1.03E-01 8.10E-01 3.38E-01 3.40E-01 7.36E-01 2.74E-02 3.12E-01 4.18E-01 8.06E-01 2.77E-02 
as.ordered(Shading)^4 8.50E-01 3.29E-02 3.63E-01 4.64E-01 8.34E-01 4.70E-02 -7.41E-01 2.77E-02 4.98E-01 1.17E-01 9.03E-01 1.37E-02 4.92E-01 1.60E-01 
as.ordered(Shading)^5 2.08E-01 6.13E-01 -5.26E-01 3.06E-01 -9.65E-01 1.94E-02 -8.47E-02 8.13E-01 -4.11E-01 2.12E-01 3.34E-01 3.78E-01 -6.03E-02 8.68E-01 
(Intercept)50 3.33E+00 2.39E-65 2.55E+00 7.97E-25 2.62E-01 1.99E-01 2.03E+00 1.50E-30 2.68E+00 4.40E-59 3.73E+00 1.29E-87 2.43E+00 3.25E-42 
factor(MainMac)1 -2.01E+00 7.88E-03 -1.45E+00 1.25E-01 -1.65E+00 1.59E-01 -9.32E-01 1.75E-01 -1.24E+00 5.40E-02 -1.07E+00 1.25E-01 -1.62E+00 2.47E-02 
factor(MainMac)2 -1.63E+00 1.15E-01 -1.99E+01 9.94E-01 -1.76E+01 9.94E-01 -5.27E-01 5.70E-01 -5.44E-01 5.27E-01 -1.25E+00 2.01E-01 -1.18E+00 2.22E-01 
factor(MainMac)3 -1.01E+00 3.62E-03 6.55E-02 8.80E-01 5.61E-02 8.75E-01 2.76E-02 9.29E-01 1.64E-01 5.72E-01 -8.81E-02 7.90E-01 1.49E-01 6.33E-01 
(Intercept)51 2.22E+00 1.36E-06 8.75E-01 1.33E-01 1.82E-01 6.96E-01 1.34E+00 1.03E-03 2.20E+00 7.61E-09 3.09E+00 2.24E-13 1.41E+00 6.82E-04 
factor(Valleyform)4 2.52E-01 6.85E-01 1.88E+00 1.45E-02 -8.75E-01 2.13E-01 9.07E-01 9.22E-02 5.70E-01 2.65E-01 1.05E+00 6.46E-02 1.46E+00 7.74E-03 
factor(Valleyform)5 1.11E+00 3.55E-02 1.83E+00 5.62E-03 1.45E-01 7.86E-01 8.44E-01 6.81E-02 5.40E-01 2.15E-01 4.89E-01 3.13E-01 9.69E-01 4.03E-02 
factor(Valleyform)6 8.36E-01 1.19E-01 1.54E+00 2.18E-02 1.59E-01 7.68E-01 4.75E-01 3.15E-01 5.47E-01 2.17E-01 5.15E-01 2.96E-01 1.03E+00 3.15E-02 
(Intercept)52 2.40E+00 6.91E-04 2.05E+00 2.31E-02 -1.83E+01 9.95E-01 1.61E+00 1.10E-02 2.20E+00 1.75E-04 3.90E+00 1.82E-09 2.94E+00 1.33E-06 
factor(Channelform)2 2.21E+00 1.56E-01 1.48E+00 4.58E-01 1.99E+01 9.94E-01 5.88E-01 6.71E-01 7.47E-01 5.61E-01 3.47E-01 8.11E-01 8.84E-01 5.13E-01 
factor(Channelform)3 8.98E-01 4.59E-01 8.70E-01 5.74E-01 1.90E+01 9.95E-01 1.22E+00 2.50E-01 4.05E-01 6.87E-01 -2.51E-01 8.23E-01 1.91E-01 8.56E-01 
factor(Channelform)4 9.20E-01 2.21E-01 6.97E-01 4.67E-01 1.83E+01 9.95E-01 2.36E-01 7.25E-01 4.97E-01 4.24E-01 -2.04E-02 9.76E-01 -5.17E-01 4.26E-01 
factor(Channelform)5 3.72E-01 6.16E-01 1.80E-01 8.49E-01 1.87E+01 9.95E-01 4.95E-01 4.55E-01 5.91E-01 3.35E-01 -4.43E-01 5.16E-01 -6.72E-01 2.93E-01 
factor(Channelform)6 -1.89E+00 1.02E-01 5.43E-01 6.92E-01 1.72E+01 9.95E-01 -5.11E-01 6.06E-01 -1.91E+00 5.78E-02 -2.80E+00 7.17E-03 -2.94E+00 6.75E-03 
(Intercept)53 3.26E+00 8.44E-38 2.42E+00 1.12E-14 8.10E-02 7.49E-01 2.01E+00 6.33E-19 2.67E+00 1.99E-36 3.67E+00 6.57E-53 2.61E+00 1.96E-31 
as.ordered(VarInWidth).L 7.99E-01 2.37E-01 5.66E-01 4.97E-01 2.27E-01 7.18E-01 -2.03E-02 9.73E-01 2.82E-02 9.60E-01 4.11E-02 9.49E-01 7.72E-01 1.95E-01 
as.ordered(VarInWidth).Q 1.73E-01 7.80E-01 6.58E-01 3.90E-01 1.09E+00 6.90E-02 -2.65E-01 6.33E-01 -2.31E-01 6.57E-01 -1.11E-01 8.50E-01 1.12E-01 8.38E-01 
as.ordered(VarInWidth).C 3.77E-01 4.47E-01 -8.08E-01 1.87E-01 2.70E-01 6.05E-01 -1.61E-01 7.15E-01 -4.32E-01 2.97E-01 -2.53E-02 9.57E-01 -1.45E-01 7.42E-01 
as.ordered(VarInWidth)^4 -4.67E-01 2.97E-01 -3.39E-01 5.41E-01 2.02E-01 6.90E-01 -9.86E-02 8.03E-01 8.20E-02 8.25E-01 -2.87E-01 4.96E-01 3.38E-01 3.93E-01 
(Intercept)54 2.98E+00 5.45E-36 2.20E+00 1.62E-13 3.75E-01 1.01E-01 1.82E+00 1.59E-19 2.53E+00 4.49E-39 3.67E+00 8.21E-61 2.42E+00 4.20E-30 
as.ordered(Erosion).L 3.13E-01 4.71E-01 -4.11E-01 4.51E-01 5.92E-01 1.42E-01 1.51E-01 6.76E-01 -4.18E-02 9.06E-01 1.95E-03 9.96E-01 2.04E-01 5.98E-01 
as.ordered(Erosion).Q 8.68E-01 2.56E-02 4.23E-01 3.83E-01 4.59E-01 2.38E-01 9.94E-01 3.20E-03 6.12E-01 5.36E-02 -1.12E-01 7.58E-01 4.57E-01 1.88E-01 
(Intercept)55 3.00E+00 2.69E-18 2.38E+00 8.26E-09 1.04E+00 8.59E-05 1.97E+00 1.14E-11 2.65E+00 2.07E-21 3.35E+00 3.33E-26 2.70E+00 1.82E-19 
factor(ProfileBankDominant)2 2.51E-01 5.75E-01 5.87E-01 2.73E-01 -1.16E+00 2.56E-03 3.22E-01 3.92E-01 1.77E-01 6.24E-01 1.96E-01 6.33E-01 -5.38E-01 1.69E-01 
factor(ProfileBankDominant)3 -1.90E-02 9.66E-01 -5.86E-01 2.70E-01 -1.38E+00 4.26E-04 -4.19E-01 2.64E-01 -2.02E-01 5.73E-01 4.93E-01 2.23E-01 -4.02E-01 2.97E-01 
factor(ProfileBankDominant)4 -6.12E-01 3.27E-01 2.79E-01 7.07E-01 -1.51E+00 1.48E-02 2.28E-01 6.61E-01 3.80E-01 4.47E-01 4.91E-01 3.88E-01 5.62E-02 9.17E-01 
(Intercept)56 3.01E+00 2.75E-51 2.52E+00 2.52E-27 -7.53E-02 7.84E-01 1.90E+00 7.82E-31 2.63E+00 2.05E-57 3.53E+00 6.48E-82 2.41E+00 8.23E-45 
as.ordered(VariationInFlow).L 1.69E-01 6.50E-01 1.42E+00 1.05E-03 7.25E-01 1.30E-01 1.84E-01 5.45E-01 -1.21E-01 6.93E-01 -2.83E-01 4.09E-01 4.92E-01 1.23E-01 
as.ordered(VariationInFlow).Q 5.61E-01 1.50E-01 -2.78E-02 9.51E-01 4.63E-01 3.21E-01 5.02E-01 1.12E-01 4.63E-01 1.50E-01 5.93E-01 9.78E-02 3.55E-01 2.86E-01 
as.ordered(VariationInFlow).C 9.04E-01 8.06E-02 -2.97E-01 6.23E-01 -1.20E+00 1.27E-01 1.37E+00 1.54E-03 5.44E-01 2.01E-01 1.09E+00 2.23E-02 8.26E-01 6.36E-02 
as.ordered(VariationInFlow)^4 -5.19E-01 2.90E-01 -3.47E-01 5.43E-01 8.82E-01 1.84E-01 4.40E-01 2.75E-01 -4.40E-01 2.78E-01 -8.75E-02 8.46E-01 2.06E-01 6.24E-01 
(Intercept)57 2.81E+00 6.19E-45 2.41E+00 2.29E-23 3.33E-01 8.82E-02 1.79E+00 5.51E-25 2.72E+00 5.89E-63 3.36E+00 4.59E-78 2.28E+00 1.47E-37 
as.ordered(SludgeLayer).L -6.41E-01 1.12E-01 -3.29E-01 5.04E-01 4.69E-01 2.30E-01 -1.32E-01 6.94E-01 2.72E-01 4.02E-01 -7.53E-01 3.81E-02 -2.81E-01 4.29E-01 
as.ordered(SludgeLayer).Q -3.43E-01 3.91E-01 -1.07E+00 2.76E-02 1.68E-02 9.66E-01 8.43E-01 1.49E-02 2.93E-01 3.67E-01 -5.69E-01 1.14E-01 3.17E-01 3.72E-01 
as.ordered(SludgeLayer).C 2.34E-01 5.55E-01 -6.91E-01 1.47E-01 -1.22E-01 7.56E-01 8.77E-01 1.39E-02 3.03E-01 3.49E-01 3.40E-01 3.40E-01 3.64E-01 3.05E-01 







Deposit Feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
as.ordered(Twigs).L 2.99E-02 9.46E-01 7.41E-02 8.93E-01 2.06E-01 6.37E-01 1.06E-01 7.81E-01 6.03E-01 8.76E-02 5.54E-01 1.61E-01 4.86E-01 2.07E-01 
as.ordered(Twigs).Q -4.36E-01 2.31E-01 2.96E-01 5.14E-01 2.24E-01 5.47E-01 2.04E-01 5.18E-01 2.00E-01 4.93E-01 -3.48E-01 2.85E-01 -5.59E-02 8.60E-01 
(Intercept)59 2.86E+00 1.21E-50 2.48E+00 2.71E-24 2.68E-01 1.80E-01 2.00E+00 1.34E-31 2.80E+00 2.71E-68 3.68E+00 1.75E-89 2.47E+00 6.93E-47 
as.ordered(Branch).L 3.08E-01 4.07E-01 3.61E-01 4.46E-01 1.46E-01 7.04E-01 -7.30E-02 8.26E-01 4.51E-01 1.46E-01 2.03E-01 5.69E-01 5.54E-01 9.71E-02 
as.ordered(Branch).Q -7.36E-01 9.52E-03 -3.52E-01 3.33E-01 1.73E-01 5.67E-01 2.06E-01 4.21E-01 1.56E-01 5.14E-01 -7.15E-02 7.94E-01 -1.43E-01 5.78E-01 
(Intercept)60 2.97E+00 2.97E-42 2.47E+00 1.57E-21 2.77E-01 1.91E-01 2.01E+00 9.40E-27 2.85E+00 2.91E-61 3.69E+00 2.36E-77 2.55E+00 2.00E-41 
as.ordered(Logs).L -2.51E-01 5.57E-01 5.41E-01 2.90E-01 1.14E-01 7.81E-01 1.57E-02 9.66E-01 4.81E-01 1.55E-01 3.54E-02 9.28E-01 4.40E-01 2.36E-01 
as.ordered(Logs).Q 4.07E-02 8.98E-01 -4.83E-01 2.02E-01 4.45E-01 1.62E-01 2.01E-02 9.41E-01 3.97E-01 1.16E-01 3.26E-01 2.61E-01 2.21E-01 4.25E-01 
(Intercept)61 2.76E+00 1.65E-80 2.22E+00 2.28E-31 1.28E-01 4.49E-01 1.96E+00 3.07E-46 2.63E+00 4.89E-89 3.57E+00 1.07E-132 2.32E+00 3.33E-66 
as.ordered(MineralSubstrate).L -1.33E+00 3.80E-05 -7.67E-01 6.76E-02 3.42E-01 3.54E-01 -6.01E-01 4.87E-02 -1.02E-03 9.97E-01 -3.27E-01 3.14E-01 -4.44E-01 1.39E-01 
as.ordered(MineralSubstrate).Q 1.09E+00 5.91E-04 1.28E+00 1.91E-03 3.83E-01 2.89E-01 4.31E-01 1.52E-01 5.32E-01 6.44E-02 8.49E-01 7.93E-03 5.75E-01 5.24E-02 
as.ordered(MineralSubstrate).C 3.52E-01 2.96E-01 9.64E-01 3.06E-02 1.16E-01 7.74E-01 -1.75E-01 5.81E-01 7.84E-02 7.97E-01 -2.94E-01 3.82E-01 -9.09E-01 3.55E-03 
as.ordered(MineralSubstrate)^4 5.15E-02 8.73E-01 7.64E-01 7.09E-02 4.49E-01 2.35E-01 -9.69E-02 7.51E-01 3.53E-01 2.27E-01 -9.05E-03 9.78E-01 -1.88E-01 5.31E-01 
(Intercept)62 3.71E+00 3.44E-38 2.94E+00 9.82E-16 1.67E-01 5.93E-01 1.88E+00 8.45E-13 3.15E+00 5.05E-39 4.27E+00 5.16E-60 2.81E+00 2.59E-29 
factor(BankShapeDominant)2 -1.20E+00 8.33E-03 -1.32E+00 2.40E-02 2.60E-01 5.85E-01 -5.98E-01 1.57E-01 -4.51E-01 2.36E-01 -1.33E+00 1.32E-03 -1.27E+00 1.78E-03 
factor(BankShapeDominant)3 -1.52E+00 1.34E-04 -1.01E+00 4.56E-02 -3.90E-01 3.82E-01 2.96E-01 4.08E-01 -9.30E-01 5.34E-03 -1.37E+00 1.48E-04 -8.43E-01 1.51E-02 
factor(BankShapeDominant)4 -7.61E-01 8.18E-02 -1.20E-01 8.28E-01 4.01E-01 3.78E-01 3.51E-01 3.74E-01 -6.95E-01 5.89E-02 -6.58E-01 9.71E-02 -2.73E-01 4.71E-01 
factor(BankShapeDominant)5 -2.81E-01 8.39E-01 4.94E-01 7.78E-01 -1.75E+01 9.96E-01 7.60E-01 5.35E-01 -1.01E-01 9.31E-01 6.80E-01 5.87E-01 1.48E+00 2.07E-01 
(Intercept)63 3.16E+00 2.80E-36 2.61E+00 2.91E-17 3.43E-01 1.24E-01 2.01E+00 7.20E-20 2.77E+00 1.17E-43 3.68E+00 2.58E-56 2.50E+00 1.82E-31 
as.ordered(BankSlopeDominant).L 5.17E-01 4.70E-01 2.28E-01 7.95E-01 -8.98E-02 8.82E-01 -2.16E-01 7.33E-01 8.45E-01 1.37E-01 2.70E-01 6.84E-01 -1.11E-01 8.55E-01 
as.ordered(BankSlopeDominant).Q 6.91E-01 2.66E-01 6.75E-01 3.76E-01 1.32E+00 1.34E-02 -8.35E-04 9.99E-01 4.22E-01 3.92E-01 5.33E-01 3.55E-01 1.13E+00 3.29E-02 
as.ordered(BankSlopeDominant).C 1.19E-01 8.09E-01 3.42E-01 5.71E-01 3.30E-01 4.76E-01 -4.25E-01 3.22E-01 4.10E-01 2.97E-01 5.35E-01 2.41E-01 3.03E-01 4.75E-01 
as.ordered(BankSlopeDominant)^4 6.25E-01 7.39E-02 -5.20E-01 2.26E-01 8.91E-03 9.80E-01 -3.18E-01 2.94E-01 5.93E-01 3.38E-02 5.56E-01 8.60E-02 5.84E-01 5.38E-02 
(Intercept)64 -3.92E-01 9.99E-01 -8.58E-01 9.99E-01 -2.69E+00 9.96E-01 -1.35E+00 9.98E-01 -6.23E-01 9.99E-01 2.98E+00 5.60E-27 -1.13E+00 9.98E-01 
as.ordered(BedCompaction).L 1.24E+01 9.95E-01 1.24E+01 9.95E-01 1.06E+01 9.96E-01 1.22E+01 9.95E-01 1.22E+01 9.95E-01 2.28E+00 1.11E-02 1.26E+01 9.95E-01 
as.ordered(BedCompaction).Q -1.11E+01 9.95E-01 -1.05E+01 9.96E-01 -9.51E+00 9.96E-01 -1.02E+01 9.96E-01 -1.07E+01 9.95E-01 -1.24E+00 1.31E-01 -9.93E+00 9.96E-01 
as.ordered(BedCompaction).C 7.37E+00 9.95E-01 6.76E+00 9.96E-01 6.08E+00 9.96E-01 6.27E+00 9.96E-01 7.00E+00 9.96E-01 8.60E-01 1.91E-01 6.79E+00 9.96E-01 
as.ordered(BedCompaction)^4 -3.62E+00 9.96E-01 -4.14E+00 9.95E-01 -3.87E+00 9.95E-01 -3.59E+00 9.96E-01 -4.46E+00 9.95E-01 6.91E-02 8.90E-01 -3.58E+00 9.96E-01 
as.ordered(BedCompaction)^5 7.28E-02 1.00E+00 4.67E-01 9.98E-01 1.22E+00 9.96E-01 7.50E-01 9.97E-01 1.05E+00 9.96E-01 -9.72E-01 9.56E-03 8.52E-01 9.97E-01 
(Intercept)65 2.81E+00 7.30E-70 2.53E+00 7.22E-35 5.92E-02 7.51E-01 2.04E+00 5.27E-45 2.69E+00 2.09E-79 3.62E+00 1.97E-114 2.39E+00 1.48E-56 
as.ordered(SedimentMatrix).L -1.06E+00 1.47E-03 -1.02E+00 1.76E-02 3.07E-01 4.45E-01 -7.65E-01 1.20E-02 -2.16E-01 4.71E-01 -4.98E-01 1.36E-01 -6.93E-01 2.79E-02 
as.ordered(SedimentMatrix).Q 1.06E-01 7.70E-01 -4.16E-01 3.70E-01 -1.44E-01 7.39E-01 1.88E-02 9.54E-01 -8.98E-02 7.81E-01 9.90E-02 7.83E-01 4.42E-01 1.94E-01 
as.ordered(SedimentMatrix).C 7.38E-01 3.06E-02 -4.87E-02 9.13E-01 5.70E-01 1.36E-01 -1.48E-01 6.38E-01 2.69E-01 3.81E-01 3.65E-01 2.85E-01 1.60E-01 6.25E-01 
as.ordered(SedimentMatrix)^4 -7.18E-01 6.31E-02 7.03E-01 1.55E-01 -5.01E-01 2.63E-01 1.80E-01 6.07E-01 7.50E-02 8.27E-01 -2.11E-01 5.83E-01 3.12E-01 3.93E-01 
(Intercept)66 2.65E+00 8.55E-53 2.05E+00 3.83E-20 2.68E-01 1.49E-01 1.94E+00 1.20E-32 2.69E+00 4.21E-70 3.62E+00 9.77E-103 2.43E+00 8.78E-50 
as.ordered(SedimentAngularity).L -7.20E-01 8.02E-02 -6.74E-01 2.05E-01 -3.19E-01 4.59E-01 -2.65E-01 4.93E-01 -7.04E-02 8.45E-01 -1.03E+00 9.70E-03 -8.42E-01 2.95E-02 
as.ordered(SedimentAngularity).Q -6.23E-01 7.24E-02 -1.08E+00 1.52E-02 4.65E-01 2.11E-01 -1.00E-01 7.59E-01 2.72E-01 3.71E-01 1.22E-01 7.17E-01 1.51E-01 6.44E-01 
as.ordered(SedimentAngularity).C 8.76E-01 1.04E-03 5.58E-01 1.02E-01 4.28E-01 1.58E-01 3.86E-01 1.26E-01 5.31E-01 2.42E-02 3.44E-01 1.85E-01 2.50E-01 3.24E-01 
(Intercept)67 2.75E+00 1.01E-15 -5.98E-01 9.99E-01 -2.85E+00 9.96E-01 2.12E+00 2.69E-14 2.52E+00 2.08E-20 3.21E+00 7.83E-24 2.30E+00 2.30E-13 







Deposit Feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
as.ordered(RiffleClass).Q -7.07E-01 4.99E-01 -9.94E+00 9.96E-01 -1.03E+01 9.96E-01 2.26E-02 9.79E-01 2.60E-01 7.52E-01 -6.76E-01 4.87E-01 -5.23E-01 5.89E-01 
as.ordered(RiffleClass).C 7.20E-01 3.48E-01 7.47E+00 9.95E-01 5.79E+00 9.96E-01 3.45E-01 5.81E-01 1.01E+00 9.64E-02 1.50E+00 3.58E-02 8.26E-01 2.39E-01 
as.ordered(RiffleClass)^4 -9.09E-01 1.08E-01 -2.95E+00 9.96E-01 -3.73E+00 9.95E-01 2.22E-01 6.32E-01 -2.09E-01 6.48E-01 -8.58E-01 1.00E-01 -4.14E-01 4.01E-01 
as.ordered(RiffleClass)^5 -2.18E-01 7.12E-01 5.08E-01 9.98E-01 1.29E+00 9.95E-01 1.32E-01 7.86E-01 -3.37E-01 4.93E-01 -5.91E-02 9.13E-01 3.13E-01 5.26E-01 
 
Appendix Table 5.2. Estimates and p-values of each respiration mode. For all numeric variables, the model containing both the linear and 
quadratic terms are based on the mean-centered variables as described in the text. The final model is explained in the text. 
 
Gill Plastron Spiracle Tegument 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
(Intercept) 4.08E+00 1.09E-148 1.10E+00 4.86E-06 2.97E+00 3.96E-53 3.43E+00 8.75E-98 
I(ElevationT^2) -5.32E-06 7.42E-03 -5.01E-06 1.01E-01 -4.43E-06 7.27E-02 -1.33E-06 5.19E-01 
ElevationT 5.26E-03 1.23E-05 5.93E-03 1.57E-03 2.56E-03 8.46E-02 1.70E-03 1.73E-01 
(Intercept)1 3.36E+00 3.62E-97 2.05E-01 4.21E-01 2.69E+00 2.68E-44 3.29E+00 1.67E-124 
Elevation 3.08E-03 9.15E-08 4.16E-03 1.27E-06 5.09E-04 4.64E-01 1.09E-06 8.63E-02 
(Intercept)2 3.72E+00 4.51E-147 5.93E-01 8.98E-03 2.77E+00 4.26E-63 3.19E+00 1.01E-86 
I(Elevation^2) 3.03E-06 4.79E-06 5.35E-06 5.55E-08 1.67E-07 8.27E-01 1.09E-03 6.04E-02 
         (Intercept)3 3.78E+00 5.74E-139 1.08E+00 5.29E-06 2.42E+00 1.13E-43 3.37E+00 1.26E-111 
I(VelocityT^2) 1.26E+00 1.69E-01 -1.45E+00 3.15E-01 3.43E+00 1.12E-03 -5.54E-02 9.52E-01 
VelocityT 1.53E+00 6.15E-03 3.46E+00 1.62E-04 -7.68E-01 2.32E-01 8.38E-01 1.32E-01 
(Intercept)5 3.50E+00 7.05E-120 4.09E-01 1.06E-01 2.66E+00 1.52E-50 3.09E+00 8.71E-56 
I(Velocity^2) 1.97E+00 4.47E-07 3.35E+00 8.48E-08 5.35E-01 2.44E-01 8.20E-01 6.43E-02 
(Intercept)4 3.29E+00 1.28E-61 -9.40E-02 7.75E-01 2.70E+00 1.22E-30 3.24E+00 5.97E-103 
Velocity 1.83E+00 4.42E-05 3.20E+00 6.45E-06 2.28E-01 6.67E-01 6.90E-01 7.58E-02 
         (Intercept)6 3.71E+00 4.48E-134 5.32E-01 1.71E-02 2.60E+00 9.68E-53 3.34E+00 9.80E-117 
I(TemperatureT^2) 3.45E-02 1.01E-03 4.46E-02 3.07E-03 1.92E-02 1.05E-01 3.97E-03 6.98E-01 
TemperatureT -1.87E-01 7.55E-04 -3.67E-01 3.23E-06 6.77E-02 2.80E-01 -1.05E-01 5.04E-02 
(Intercept)8 5.48E+00 4.96E-16 4.51E+00 7.33E-05 1.57E+00 3.19E-02 5.85E+00 4.10E-06 







Gill Plastron Spiracle Tegument 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
(Intercept)7 7.23E+00 1.16E-07 8.53E+00 1.30E-04 4.91E-01 7.42E-01 4.56E+00 3.71E-13 
Temperature -1.28E-01 1.76E-02 -3.02E-01 7.26E-04 8.96E-02 1.29E-01 -1.86E-03 5.27E-02 
         (Intercept)9 4.18E+00 3.75E-107 1.36E+00 1.04E-05 2.66E+00 1.06E-42 3.50E+00 4.77E-92 
I(ConductivityT^2) -3.55E-06 4.37E-01 -5.06E-06 5.38E-01 7.10E-07 8.79E-01 -4.38E-06 2.92E-01 
ConductivityT 1.44E-03 3.79E-01 -2.78E-03 2.92E-01 2.14E-03 2.02E-01 2.29E-04 8.77E-01 
(Intercept)11 4.08E+00 2.93E-131 1.66E+00 5.30E-10 2.46E+00 8.06E-47 3.61E+00 2.14E-63 
I(Conductivity^2) 1.57E-07 8.92E-01 -5.91E-06 1.01E-02 3.01E-06 9.69E-03 -1.02E-03 1.97E-01 
(Intercept)10 4.01E+00 2.14E-64 2.07E+00 7.35E-08 2.18E+00 2.73E-19 3.50E+00 3.05E-119 
Conductivity 3.52E-04 6.86E-01 -3.87E-03 1.13E-02 2.36E-03 7.71E-03 -1.65E-06 1.16E-01 
         (Intercept)12 3.99E+00 3.71E-104 1.49E+00 3.65E-07 2.61E+00 3.62E-38 3.34E+00 3.98E-83 
I(pHT^2) 1.02E-01 8.24E-01 -1.69E+00 5.31E-02 5.48E-01 2.74E-01 1.86E-01 6.66E-01 
pHT 8.00E-01 4.26E-03 1.31E+00 5.75E-03 3.86E-01 2.07E-01 -1.67E-01 5.25E-01 
(Intercept)13 9.17E-01 3.98E-01 -5.65E+00 1.87E-03 1.37E+00 2.51E-01 4.24E+00 3.18E-05 
I(pH^2) 5.04E-02 3.96E-03 1.11E-01 1.40E-04 2.27E-02 2.40E-01 -1.38E-02 4.02E-01 
(Intercept)14 -2.05E+00 3.34E-01 -1.23E+01 5.54E-04 6.46E-02 9.78E-01 5.08E+00 1.10E-02 
pH 7.76E-01 4.24E-03 1.72E+00 1.44E-04 3.45E-01 2.48E-01 -2.16E-01 3.97E-01 
         (Intercept)15 4.06E+00 3.19E-128 1.25E+00 3.17E-06 2.42E+00 4.31E-45 3.32E+00 5.50E-107 
I(DOT^2) 4.65E-03 8.65E-01 -7.35E-03 8.72E-01 7.36E-02 7.50E-03 1.30E-02 5.95E-01 
DOT 1.06E-01 2.67E-01 3.36E-01 2.72E-02 1.27E-01 1.89E-01 -1.08E-01 2.09E-01 
(Intercept)17 3.64E+00 1.50E-21 -3.79E-01 5.48E-01 
  
4.40E+00 9.36E-16 
I(DO^2) 7.29E-03 2.19E-01 2.70E-02 5.12E-03 
  
-1.38E-01 5.14E-02 
(Intercept)16 3.35E+00 4.91E-08 -1.42E+00 1.76E-01 2.18E+00 9.01E-04 3.97E+00 4.85E-31 
DO 9.69E-02 2.23E-01 3.53E-01 8.69E-03 7.72E-02 3.65E-01 -1.02E-02 5.75E-02 
         (Intercept)18 4.17E+00 2.04E-157 1.36E+00 5.73E-07 2.87E+00 2.61E-67 3.50E+00 6.42E-105 







Gill Plastron Spiracle Tegument 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
ChlorophyllT 3.88E-02 5.03E-01 -4.39E-02 6.91E-01 8.30E-02 1.68E-01 3.39E-02 6.37E-01 
(Intercept)19 4.14E+00 9.83E-181 1.43E+00 2.82E-09 2.79E+00 2.59E-71 3.46E+00 5.67E-152 
I(Chlorophyll^2) -1.21E-03 7.13E-03 -2.57E-03 3.46E-01 -1.77E-04 6.43E-01 -2.56E-03 5.58E-02 
(Intercept)20 4.19E+00 5.60E-147 1.57E+00 2.55E-08 2.74E+00 9.73E-56 3.60E+00 6.55E-127 
Chlorophyll -2.87E-02 1.51E-01 -6.67E-02 1.74E-01 1.11E-02 5.97E-01 -6.26E-02 4.58E-03 
         (Intercept)21 4.17E+00 2.20E-150 1.13E+00 2.51E-05 2.73E+00 4.90E-56 3.52E+00 1.21E-130 
I(TurbidityT^2) -4.18E-03 5.10E-02 1.52E-03 7.11E-01 -4.06E-04 8.61E-01 -6.21E-03 8.71E-03 
TurbidityT 5.70E-03 9.07E-01 -1.53E-01 6.57E-02 -7.08E-02 1.81E-01 3.16E-02 4.75E-01 
(Intercept)22 4.18E+00 7.99E-183 1.48E+00 1.51E-09 2.85E+00 4.81E-74 3.50E+00 3.72E-157 
I(Turbidity^2) -3.01E-03 2.03E-04 -5.08E-03 1.21E-01 -2.37E-03 9.82E-03 -3.57E-03 1.87E-04 
(Intercept)23 4.34E+00 2.86E-141 1.73E+00 3.63E-09 3.04E+00 5.79E-62 3.65E+00 6.63E-120 
Turbidity -6.87E-02 3.49E-03 -1.34E-01 1.77E-02 -7.90E-02 3.22E-03 -6.77E-02 2.14E-03 
         (Intercept)24 3.88E+00 3.80E-153 1.16E+00 2.85E-06 2.75E+00 8.04E-63 3.26E+00 1.60E-124 
I(CODT^2) 4.07E-04 4.37E-02 1.94E-04 6.35E-01 3.76E-05 8.70E-01 3.50E-04 6.19E-02 
CODT -4.39E-02 2.25E-03 -4.70E-02 5.63E-02 -1.56E-02 3.32E-01 -1.91E-02 1.54E-01 
(Intercept)25 4.13E+00 1.82E-165 1.54E+00 8.80E-09 2.83E+00 2.34E-68 3.34E+00 8.24E-131 
I(COD^2) -1.16E-04 1.92E-01 -5.95E-04 1.25E-01 -1.19E-04 2.29E-01 7.99E-05 3.13E-01 
(Intercept)26 4.35E+00 2.34E-102 1.91E+00 2.09E-07 2.99E+00 2.19E-41 3.32E+00 2.44E-69 
COD -1.93E-02 2.77E-02 -4.17E-02 2.87E-02 -1.37E-02 1.57E-01 4.54E-03 5.72E-01 
         (Intercept)30 4.08E+00 6.26E-127 1.01E+00 2.81E-04 2.68E+00 7.69E-49 3.23E+00 1.61E-99 
I(Nitrate.NT^2) -9.56E-04 9.99E-01 2.32E+00 7.81E-02 8.01E-01 3.61E-01 1.12E+00 1.28E-01 
Nitrate.NT -4.46E-01 6.08E-01 -2.79E+00 4.97E-02 -9.00E-01 3.35E-01 -1.80E+00 2.11E-02 
(Intercept)31 4.14E+00 8.35E-152 1.40E+00 6.49E-08 2.79E+00 8.53E-61 3.45E+00 1.04E-127 
I(Nitrate.N^2) -2.26E-01 3.42E-01 -1.17E-01 7.67E-01 -3.70E-02 8.85E-01 -2.26E-01 2.98E-01 







Gill Plastron Spiracle Tegument 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
Nitrate.N -4.47E-01 2.99E-01 -4.98E-01 4.86E-01 -1.57E-01 7.34E-01 -6.05E-01 1.23E-01 
         (Intercept)33 4.05E+00 5.89E-156 8.72E-01 5.73E-04 2.83E+00 4.06E-67 3.25E+00 6.48E-127 
I(ClT^2) 3.10E-04 7.57E-01 3.06E-03 2.02E-01 -1.17E-03 2.79E-01 1.61E-03 7.26E-02 
ClT -4.43E-02 2.67E-01 -2.28E-01 2.08E-03 3.82E-02 3.73E-01 -9.45E-02 8.41E-03 
(Intercept)34 4.12E+00 1.24E-173 
  
2.80E+00 3.25E-70 3.42E+00 5.38E-145 
I(Cl^2) -5.51E-04 1.77E-01 
  
-2.22E-04 6.13E-01 -4.71E-04 2.12E-01 
(Intercept)35 4.23E+00 1.99E-131 1.97E+00 3.81E-09 2.77E+00 1.41E-49 3.54E+00 1.39E-112 
Cl -3.30E-02 9.67E-02 -2.00E-01 3.39E-03 1.91E-03 9.28E-01 -3.59E-02 5.06E-02 
         (Intercept)36 4.08E+00 2.41E-174 1.38E+00 6.27E-09 2.79E+00 7.94E-72 3.40E+00 9.15E-146 
I(TotalPT^2) 4.95E+00 7.03E-01 -6.88E+00 7.53E-01 -2.21E+00 8.75E-01 -3.10E-01 9.79E-01 
TotalPT NA NA NA NA NA NA NA NA 
(Intercept)37 3.79E+00 1.89E-06 1.79E+00 1.82E-01 2.92E+00 6.70E-04 3.42E+00 2.58E-06 
I(TotalP^2) 1.17E+00 7.03E-01 -1.63E+00 7.53E-01 -5.21E-01 8.75E-01 -7.33E-02 9.79E-01 
(Intercept)38 3.31E+00 1.05E-01 2.45E+00 4.76E-01 3.13E+00 1.55E-01 3.45E+00 6.49E-02 
TotalP 1.54E+00 7.03E-01 -2.15E+00 7.53E-01 -6.88E-01 8.75E-01 -9.67E-02 9.79E-01 
         (Intercept)39 3.95E+00 7.97E-127 1.27E+00 4.08E-06 2.81E+00 7.38E-56 3.41E+00 2.01E-111 
I(Ammonium.NT^2) 1.25E+00 1.93E-01 4.99E-01 7.68E-01 -3.37E-01 7.46E-01 -1.18E-01 8.94E-01 
Ammonium.NT -1.82E+00 1.45E-01 -1.84E+00 3.89E-01 5.71E-01 6.71E-01 2.77E-01 8.09E-01 
(Intercept)40 4.11E+00 3.63E-170 1.44E+00 2.31E-09 2.77E+00 3.22E-68 3.39E+00 1.75E-139 
I(Ammonium.N^2) -2.16E-01 4.91E-01 -1.09E+00 1.53E-01 1.35E-01 6.87E-01 6.87E-02 8.09E-01 
(Intercept)41 4.15E+00 1.11E-148 1.52E+00 6.16E-09 2.74E+00 3.13E-57 3.38E+00 1.14E-117 
Ammonium.N -5.20E-01 2.88E-01 -1.44E+00 1.16E-01 2.51E-01 6.31E-01 1.40E-01 7.53E-01 
         (Intercept)42 3.94E+00 5.48E-143 1.53E+00 8.10E-06 2.69E+00 1.70E-57 3.24E+00 1.33E-113 
I(AveStreamWidthT^2) 2.16E-04 3.07E-01 -2.37E-03 1.91E-01 1.12E-04 6.29E-01 3.73E-04 5.37E-02 







Gill Plastron Spiracle Tegument 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
(Intercept)43 4.15E+00 1.33E-165 1.73E+00 4.20E-10 2.86E+00 5.70E-69 3.35E+00 1.17E-127 
I(AveStreamWidth^2) -1.61E-04 6.46E-02 -1.22E-03 1.36E-02 -1.76E-04 7.35E-02 5.88E-05 4.53E-01 
(Intercept)44 4.39E+00 1.32E-112 2.02E+00 6.57E-09 3.07E+00 7.02E-48 3.36E+00 4.53E-76 
AveStreamWidth -2.10E-02 7.81E-03 -4.70E-02 7.21E-03 -1.97E-02 2.41E-02 2.12E-03 7.71E-01 
         (Intercept)45 4.05E+00 6.05E-100 1.64E+00 6.06E-08 2.43E+00 3.58E-33 3.40E+00 4.42E-80 
I(MeanDepthT^2) -4.14E-01 8.47E-01 -8.88E+00 2.22E-02 4.22E+00 6.11E-02 -2.55E-02 9.90E-01 
MeanDepthT -1.50E+00 2.62E-02 -1.36E+00 2.15E-01 -1.99E+00 5.06E-03 1.28E-01 8.40E-01 
(Intercept)46 4.38E+00 2.54E-114 1.95E+00 3.72E-10 2.97E+00 2.87E-45 3.37E+00 3.78E-77 
I(MeanDepth^2) -1.40E+00 7.38E-03 -3.05E+00 1.24E-03 -8.44E-01 1.40E-01 1.03E-01 8.34E-01 
(Intercept)47 4.72E+00 3.18E-61 2.52E+00 7.83E-08 3.26E+00 4.34E-26 3.34E+00 2.00E-35 
MeanDepth -1.59E+00 5.16E-03 -2.92E+00 2.50E-03 -1.21E+00 4.96E-02 1.22E-01 8.18E-01 
         (Intercept)48 4.52E+00 5.09E-102 1.69E+00 1.44E-06 3.05E+00 5.56E-39 3.44E+00 4.53E-66 
factor(MainLandUse)2 -7.98E-01 1.05E-02 -4.08E-01 4.34E-01 -3.86E-01 2.64E-01 1.45E-01 6.24E-01 
factor(MainLandUse)3 -1.27E+00 1.06E-03 -8.04E-01 2.20E-01 -9.47E-01 2.92E-02 -3.97E-01 2.81E-01 
factor(MainLandUse)4 -8.01E-01 1.70E-01 -2.61E+00 2.75E-02 -3.32E-01 6.08E-01 -8.73E-01 1.19E-01 
(Intercept)49 3.99E+00 1.64E-147 1.06E+00 3.04E-05 2.71E+00 1.14E-56 3.35E+00 1.01E-126 
as.ordered(Shading).L -2.90E-01 4.75E-01 -8.11E-01 2.18E-01 -3.89E-01 3.86E-01 -2.53E-01 4.91E-01 
as.ordered(Shading).Q 5.44E-01 1.81E-01 3.36E-01 6.06E-01 1.14E-01 7.99E-01 2.29E-01 5.34E-01 
as.ordered(Shading).C 4.33E-01 2.38E-01 1.07E+00 8.05E-02 2.64E-01 5.14E-01 5.55E-01 9.49E-02 
as.ordered(Shading)^4 8.02E-01 2.12E-02 5.56E-01 3.43E-01 2.17E-01 5.73E-01 5.09E-01 1.07E-01 
as.ordered(Shading)^5 3.22E-01 3.72E-01 1.26E+00 3.31E-02 2.81E-01 4.80E-01 -5.93E-01 6.97E-02 
(Intercept)50 4.28E+00 9.39E-132 1.72E+00 4.63E-10 2.59E+00 1.73E-41 3.42E+00 8.62E-100 
factor(MainMac)1 -1.66E+00 1.13E-02 -1.31E+00 2.21E-01 -3.68E-01 6.06E-01 -1.34E+00 2.82E-02 
factor(MainMac)2 -1.76E+00 5.42E-02 -1.72E+00 2.66E-01 -1.50E-01 8.79E-01 -1.34E+00 1.14E-01 
factor(MainMac)3 -4.80E-01 1.20E-01 -1.49E+00 3.40E-03 5.67E-01 9.12E-02 9.54E-02 7.36E-01 







Gill Plastron Spiracle Tegument 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
factor(Valleyform)4 1.40E+00 9.22E-03 3.65E+00 6.96E-04 7.46E-01 1.99E-01 3.57E-01 4.76E-01 
factor(Valleyform)5 1.24E+00 6.65E-03 2.84E+00 4.04E-03 7.56E-02 8.79E-01 5.09E-01 2.32E-01 
factor(Valleyform)6 1.10E+00 1.81E-02 3.07E+00 2.06E-03 2.78E-02 9.56E-01 5.16E-01 2.34E-01 
(Intercept)52 4.23E+00 1.30E-11 1.56E+00 1.05E-01 2.56E+00 1.70E-04 2.96E+00 3.76E-07 
factor(Channelform)2 9.99E-01 4.73E-01 2.16E+00 3.05E-01 -7.73E-01 6.19E-01 1.53E+00 2.34E-01 
factor(Channelform)3 -2.21E-02 9.84E-01 1.30E+00 4.27E-01 2.97E-01 8.01E-01 8.15E-01 4.15E-01 
factor(Channelform)4 9.38E-02 8.88E-01 -5.41E-01 5.98E-01 2.50E-01 7.30E-01 5.14E-01 4.06E-01 
factor(Channelform)5 -3.76E-01 5.66E-01 -3.20E-01 7.51E-01 2.81E-01 6.94E-01 3.80E-01 5.33E-01 
factor(Channelform)6 -1.61E+00 9.45E-02 -1.99E+01 9.95E-01 -1.36E+00 2.06E-01 -2.06E-01 8.17E-01 
(Intercept)53 4.24E+00 1.20E-78 1.71E+00 6.76E-07 2.56E+00 1.14E-24 3.45E+00 4.46E-62 
as.ordered(VarInWidth).L 5.31E-01 3.78E-01 1.77E+00 5.22E-02 -7.08E-01 2.92E-01 3.88E-01 4.82E-01 
as.ordered(VarInWidth).Q 1.99E-02 9.71E-01 5.44E-01 5.17E-01 -5.55E-01 3.66E-01 3.39E-01 5.03E-01 
as.ordered(VarInWidth).C 2.60E-02 9.53E-01 -1.98E-02 9.77E-01 -3.74E-01 4.41E-01 -1.99E-01 6.23E-01 
as.ordered(VarInWidth)^4 -3.68E-01 3.54E-01 -3.53E-01 5.65E-01 3.44E-02 9.37E-01 5.78E-02 8.74E-01 
(Intercept)54 4.01E+00 1.05E-80 8.45E-01 1.30E-02 2.85E+00 4.78E-36 3.37E+00 5.98E-68 
as.ordered(Erosion).L 7.30E-02 8.50E-01 -1.07E-01 8.58E-01 8.81E-02 8.33E-01 5.90E-02 8.68E-01 
as.ordered(Erosion).Q 5.41E-01 1.14E-01 1.61E+00 5.58E-03 -2.17E-01 5.57E-01 2.98E-01 3.44E-01 
(Intercept)55 3.84E+00 6.75E-37 1.00E+00 4.48E-02 2.51E+00 1.05E-14 3.65E+00 4.21E-42 
factor(ProfileBankDominant)2 3.76E-01 3.39E-01 5.11E-01 4.28E-01 1.72E-01 6.84E-01 -1.81E-01 6.04E-01 
factor(ProfileBankDominant)3 2.70E-01 4.86E-01 5.34E-01 4.01E-01 3.83E-01 3.56E-01 -7.01E-01 4.24E-02 
factor(ProfileBankDominant)4 1.81E-01 7.40E-01 -1.36E-01 8.80E-01 6.55E-01 2.59E-01 7.65E-02 8.74E-01 
(Intercept)56 4.06E+00 4.18E-121 9.84E-01 1.95E-05 2.50E+00 1.16E-40 3.47E+00 1.17E-100 
as.ordered(VariationInFlow).L 1.94E-01 5.47E-01 1.04E+00 1.42E-02 -5.23E-01 1.33E-01 3.77E-01 2.14E-01 
as.ordered(VariationInFlow).Q 5.63E-01 9.58E-02 4.91E-01 2.60E-01 7.98E-01 2.80E-02 9.74E-02 7.59E-01 
as.ordered(VariationInFlow).C 9.21E-01 4.03E-02 2.22E+00 2.91E-04 1.21E+00 1.34E-02 1.38E-01 7.43E-01 
as.ordered(VariationInFlow)^4 -3.79E-01 3.72E-01 7.58E-01 1.77E-01 3.27E-01 4.77E-01 -2.72E-01 4.95E-01 
(Intercept)57 3.84E+00 6.81E-109 6.40E-01 3.81E-02 2.71E+00 3.37E-47 3.44E+00 2.99E-103 







Gill Plastron Spiracle Tegument 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
as.ordered(SludgeLayer).Q -2.92E-01 3.99E-01 8.71E-01 1.58E-01 1.39E-01 7.11E-01 -3.92E-01 2.18E-01 
as.ordered(SludgeLayer).C 3.75E-01 2.75E-01 1.52E+00 2.08E-02 5.67E-01 1.30E-01 -2.61E-01 4.09E-01 
(Intercept)58 4.24E+00 1.46E-96 1.13E+00 9.57E-04 2.94E+00 2.27E-41 3.53E+00 3.37E-79 
as.ordered(Twigs).L 4.07E-01 2.90E-01 -4.81E-01 4.58E-01 4.26E-01 3.02E-01 3.54E-01 3.17E-01 
as.ordered(Twigs).Q -2.40E-01 4.48E-01 1.40E-01 7.93E-01 -1.26E-01 7.11E-01 6.77E-02 8.16E-01 
(Intercept)59 4.08E+00 2.15E-124 1.13E+00 1.09E-04 2.80E+00 8.47E-52 3.41E+00 1.63E-105 
as.ordered(Branch).L 3.84E-01 2.50E-01 -6.29E-01 2.70E-01 -5.48E-02 8.79E-01 4.01E-01 1.87E-01 
as.ordered(Branch).Q -3.01E-01 2.41E-01 -4.30E-01 3.20E-01 4.30E-01 1.20E-01 -2.26E-01 3.32E-01 
(Intercept)60 4.15E+00 1.97E-105 1.07E+00 4.09E-04 2.80E+00 8.53E-44 3.48E+00 5.70E-90 
as.ordered(Logs).L 1.50E-01 6.88E-01 2.93E-02 9.61E-01 -4.03E-02 9.19E-01 2.99E-01 3.80E-01 
as.ordered(Logs).Q 2.05E-01 4.62E-01 -9.69E-01 2.65E-02 3.92E-01 1.84E-01 5.38E-02 8.31E-01 
(Intercept)61 3.93E+00 3.65E-197 9.46E-01 2.16E-06 2.71E+00 9.30E-72 3.34E+00 1.54E-148 
as.ordered(MineralSubstrate).L -9.32E-01 1.45E-03 -1.83E+00 4.61E-05 3.58E-01 2.89E-01 -1.15E-01 6.88E-01 
as.ordered(MineralSubstrate).Q 9.37E-01 1.13E-03 5.33E-01 2.27E-01 6.27E-01 5.90E-02 5.93E-01 3.52E-02 
as.ordered(MineralSubstrate).C -3.68E-02 9.03E-01 -9.23E-01 4.29E-02 -1.71E-01 6.24E-01 -7.34E-02 8.05E-01 
as.ordered(MineralSubstrate)^4 -1.11E-01 7.03E-01 -1.63E-01 7.10E-01 -9.96E-02 7.67E-01 4.10E-01 1.49E-01 
(Intercept)62 4.75E+00 6.81E-86 1.60E+00 5.33E-05 3.05E+00 4.34E-26 3.74E+00 2.89E-54 
factor(BankShapeDominant)2 -1.44E+00 1.62E-04 -2.36E+00 1.01E-03 -7.55E-01 9.88E-02 -5.37E-01 1.58E-01 
factor(BankShapeDominant)3 -1.51E+00 5.72E-06 -7.94E-01 1.50E-01 -3.92E-01 3.23E-01 -7.98E-01 1.64E-02 
factor(BankShapeDominant)4 -7.07E-01 5.38E-02 4.34E-01 4.67E-01 -1.74E-01 6.92E-01 -2.38E-01 5.15E-01 
factor(BankShapeDominant)5 6.96E-01 5.47E-01 1.04E+00 5.78E-01 -5.53E-02 9.68E-01 3.38E-01 7.70E-01 
(Intercept)63 4.18E+00 2.10E-79 1.61E+00 2.14E-06 2.77E+00 2.09E-30 3.56E+00 2.38E-70 
as.ordered(BankSlopeDominant).L 3.83E-01 5.44E-01 5.84E-01 5.44E-01 2.25E-01 7.44E-01 3.50E-01 5.40E-01 
as.ordered(BankSlopeDominant).Q 5.91E-01 2.81E-01 1.68E+00 4.51E-02 -9.11E-02 8.79E-01 8.98E-01 6.99E-02 
as.ordered(BankSlopeDominant).C 2.12E-01 6.25E-01 5.52E-01 4.10E-01 2.10E-01 6.56E-01 4.59E-01 2.43E-01 
as.ordered(BankSlopeDominant)^4 5.49E-01 7.44E-02 -2.84E-01 5.58E-01 -8.80E-02 7.93E-01 2.36E-01 3.99E-01 
(Intercept)64 3.41E+00 5.75E-38 -5.71E+00 9.97E-01 -6.25E-01 9.99E-01 -7.51E-02 1.00E+00 







Gill Plastron Spiracle Tegument 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
as.ordered(BedCompaction).Q -1.53E+00 5.15E-02 -7.92E+00 9.99E-01 -1.06E+01 9.96E-01 -1.11E+01 9.95E-01 
as.ordered(BedCompaction).C 1.03E+00 1.00E-01 -2.90E+00 9.99E-01 7.11E+00 9.96E-01 7.20E+00 9.96E-01 
as.ordered(BedCompaction)^4 -3.63E-01 4.43E-01 7.29E+00 9.98E-01 -3.89E+00 9.95E-01 -4.10E+00 9.95E-01 
as.ordered(BedCompaction)^5 -1.00E+00 4.61E-03 -5.04E+00 9.97E-01 7.82E-01 9.97E-01 9.12E-01 9.97E-01 
(Intercept)65 4.00E+00 2.19E-169 1.06E+00 8.11E-07 2.74E+00 9.49E-62 3.43E+00 5.70E-136 
as.ordered(SedimentMatrix).L -9.72E-01 1.30E-03 -2.30E+00 2.14E-07 1.09E-01 7.54E-01 -4.13E-01 1.55E-01 
as.ordered(SedimentMatrix).Q 1.28E-01 6.94E-01 2.33E-01 6.21E-01 2.49E-01 5.05E-01 -2.50E-01 4.24E-01 
as.ordered(SedimentMatrix).C 4.86E-01 1.17E-01 5.59E-01 2.47E-01 -3.03E-02 9.32E-01 2.13E-01 4.73E-01 
as.ordered(SedimentMatrix)^4 -3.25E-01 3.51E-01 8.30E-01 1.06E-01 1.70E-01 6.70E-01 2.87E-01 3.89E-01 
(Intercept)66 3.86E+00 5.37E-135 6.03E-01 2.64E-02 2.91E+00 2.27E-62 3.35E+00 3.91E-118 
as.ordered(SedimentAngularity).L -7.60E-01 4.02E-02 2.21E-01 7.38E-01 -5.42E-01 1.90E-01 -7.92E-01 2.12E-02 
as.ordered(SedimentAngularity).Q -4.39E-01 1.60E-01 -1.48E+00 6.49E-03 7.67E-01 2.82E-02 5.54E-02 8.49E-01 
as.ordered(SedimentAngularity).C 5.80E-01 1.61E-02 1.23E+00 1.64E-03 8.24E-02 7.62E-01 4.21E-01 6.10E-02 
(Intercept)67 3.73E+00 3.94E-37 1.50E+00 1.21E-04 2.58E+00 3.01E-16 3.17E+00 2.80E-31 
as.ordered(RiffleClass).L 2.75E+00 2.96E-03 3.01E+00 1.55E-02 9.98E-01 3.11E-01 2.06E+00 1.72E-02 
as.ordered(RiffleClass).Q -6.29E-01 4.80E-01 2.35E-01 8.44E-01 7.70E-02 9.36E-01 -7.61E-01 3.60E-01 
as.ordered(RiffleClass).C 1.33E+00 4.27E-02 -2.76E-01 7.53E-01 9.78E-01 1.66E-01 1.05E+00 8.51E-02 
as.ordered(RiffleClass)^4 -8.44E-01 8.06E-02 4.00E-01 5.31E-01 -2.48E-01 6.41E-01 -2.20E-01 6.25E-01 
as.ordered(RiffleClass)^5 -2.34E-01 6.43E-01 1.36E-01 8.36E-01 3.89E-02 9.45E-01 -9.10E-02 8.46E-01 
Appendix Table 5.3. Estimates and p-values of each locomotion mode. For all numeric variables, the model containing both the linear and 
quadratic terms are based on the mean-centered variables as described in the text. The final model is explained in the text. 
 
Burrower Crawler Flier Fullwaterswimmer InterstitialEndobenthic Surfaceswimmer Temporarily attached 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
(Intercept) 2.49E+00 9.07E-44 3.46E+00 1.27E-107 7.53E-01 1.43E-04 2.31E+00 4.80E-46 1.16E+00 5.81E-10 1.89E+00 1.42E-18 3.71E+00 3.23E-97 
I(ElevationT^2) 2.08E-06 3.58E-01 -1.44E-06 4.67E-01 -7.56E-06 3.55E-03 -6.90E-07 7.36E-01 -1.38E-06 5.57E-01 -6.96E-06 1.37E-02 -8.05E-06 3.50E-04 
ElevationT -1.12E-03 4.13E-01 2.71E-03 2.43E-02 6.31E-03 6.02E-05 9.41E-04 4.48E-01 2.42E-03 9.22E-02 4.21E-03 1.09E-02 6.84E-03 5.18E-07 
(Intercept)2 2.58E+00 1.23E-65 3.24E+00 2.49E-127 3.14E-01 1.12E-01 2.23E+00 2.12E-59 9.62E-01 5.17E-09 1.55E+00 1.67E-16 3.32E+00 1.63E-87 
I(Elevation^2) 1.96E-07 7.79E-01 2.30E-06 1.93E-04 3.14E-06 1.22E-04 6.31E-07 3.13E-01 2.04E-06 3.94E-03 1.03E-06 2.27E-01 3.14E-06 4.61E-05 







Burrower Crawler Flier Fullwaterswimmer InterstitialEndobenthic Surfaceswimmer Temporarily attached 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
Elevation 6.05E-05 9.24E-01 2.06E-03 2.07E-04 3.08E-03 1.66E-05 6.30E-04 2.71E-01 1.83E-03 4.67E-03 1.39E-03 7.06E-02 3.65E-03 4.00E-08 
               (Intercept)3 2.44E+00 3.45E-51 3.38E+00 4.18E-116 3.31E-01 9.33E-02 2.17E+00 3.23E-48 1.17E+00 3.13E-11 1.19E+00 5.41E-10 3.34E+00 2.07E-84 
I(VelocityT^2) 1.47E+00 1.33E-01 4.92E-01 5.84E-01 1.54E+00 1.78E-01 1.20E+00 1.82E-01 -5.58E-01 6.01E-01 3.39E+00 2.86E-03 9.95E-01 3.41E-01 
VelocityT -1.17E+00 5.00E-02 1.15E+00 3.59E-02 1.57E+00 3.72E-02 -3.01E-02 9.56E-01 1.39E+00 3.74E-02 2.87E-01 6.84E-01 1.87E+00 3.22E-03 
(Intercept)5 2.61E+00 5.12E-57 3.19E+00 4.53E-103 5.96E-02 7.70E-01 2.19E+00 2.45E-49 9.32E-01 2.67E-07 1.21E+00 3.23E-10 2.99E+00 4.18E-68 
I(Velocity^2) -5.46E-02 8.98E-01 1.23E+00 1.22E-03 2.07E+00 9.10E-06 4.18E-01 2.72E-01 1.10E+00 1.30E-02 1.45E+00 2.71E-03 2.21E+00 6.06E-07 
(Intercept)4 2.72E+00 4.25E-37 2.99E+00 9.45E-54 -1.96E-01 4.74E-01 2.19E+00 4.45E-29 7.09E-01 2.83E-03 1.15E+00 9.88E-06 2.72E+00 1.93E-33 
Velocity -3.96E-01 4.16E-01 1.30E+00 2.88E-03 1.99E+00 5.09E-04 2.72E-01 5.38E-01 1.25E+00 1.54E-02 1.18E+00 3.97E-02 2.12E+00 2.83E-05 
               (Intercept)6 2.35E+00 6.17E-54 3.20E+00 1.15E-114 2.93E-01 1.56E-01 2.23E+00 1.12E-53 1.03E+00 7.44E-10 1.58E+00 1.98E-15 3.34E+00 4.86E-81 
I(TemperatureT^2) 2.40E-02 2.25E-02 2.94E-02 2.64E-03 3.68E-02 5.79E-03 6.71E-03 5.06E-01 1.97E-03 8.79E-01 8.43E-03 5.42E-01 3.00E-02 1.44E-02 
TemperatureT 9.97E-02 7.50E-02 -1.54E-01 2.89E-03 -1.61E-01 2.27E-02 -4.44E-02 4.04E-01 -2.15E-01 6.33E-04 -3.90E-02 5.93E-01 -1.97E-01 2.27E-03 
(Intercept)8 1.15E+00 8.11E-02 4.61E+00 4.07E-13 1.78E+00 5.86E-02 2.67E+00 1.85E-05 3.76E+00 2.84E-06 1.89E+00 2.72E-02 5.29E+00 6.53E-12 
I(Temperature^2) 2.17E-03 3.13E-02 -1.78E-03 6.76E-02 -1.77E-03 2.26E-01 -6.10E-04 5.23E-01 -4.24E-03 8.33E-04 -3.89E-04 7.67E-01 -2.65E-03 2.45E-02 
(Intercept)7 -5.48E-02 9.68E-01 6.03E+00 2.57E-06 3.25E+00 8.63E-02 3.15E+00 1.28E-02 6.45E+00 4.11E-05 2.23E+00 1.99E-01 7.22E+00 3.47E-06 
Temperature 1.03E-01 5.22E-02 -1.02E-01 4.42E-02 -1.04E-01 1.69E-01 -3.45E-02 4.91E-01 -2.15E-01 6.54E-04 -2.35E-02 7.32E-01 -1.45E-01 1.87E-02 
               (Intercept)9 2.52E+00 8.16E-47 3.55E+00 9.69E-89 4.60E-01 7.46E-02 2.44E+00 9.05E-50 1.27E+00 1.28E-09 1.61E+00 6.47E-12 3.79E+00 2.36E-70 
I(ConductivityT^2) -8.14E-07 8.46E-01 -1.13E-06 7.91E-01 7.57E-06 2.12E-01 -7.11E-06 7.47E-02 -5.95E-06 2.97E-01 1.36E-06 8.09E-01 -5.26E-06 3.07E-01 
ConductivityT 2.74E-03 6.95E-02 -3.13E-06 9.98E-01 -2.66E-03 2.26E-01 2.95E-03 3.79E-02 -1.28E-03 4.73E-01 -2.60E-04 8.97E-01 2.29E-03 2.13E-01 
(Intercept)11 2.28E+00 1.55E-48 3.55E+00 2.39E-115 7.11E-01 1.48E-03 2.23E+00 1.26E-50 1.42E+00 2.80E-15 1.62E+00 2.22E-15 3.65E+00 5.12E-83 
I(Conductivity^2) 3.08E-06 3.38E-03 -4.99E-07 6.42E-01 -1.62E-07 9.17E-01 6.80E-07 5.05E-01 -4.17E-06 7.73E-03 2.66E-07 8.50E-01 2.89E-07 8.24E-01 
(Intercept)10 1.96E+00 3.28E-19 3.59E+00 1.93E-59 7.96E-01 1.21E-02 2.06E+00 1.00E-22 1.70E+00 7.70E-11 1.62E+00 2.55E-08 3.54E+00 6.22E-40 
Conductivity 2.48E-03 1.82E-03 -3.23E-04 6.91E-01 -4.66E-04 6.93E-01 9.95E-04 1.94E-01 -2.63E-03 1.19E-02 1.31E-04 9.03E-01 6.03E-04 5.40E-01 
               (Intercept)12 2.59E+00 9.35E-44 3.60E+00 2.42E-92 6.20E-01 1.19E-02 2.09E+00 4.07E-35 1.10E+00 1.43E-07 1.32E+00 6.65E-09 3.44E+00 1.77E-62 
I(pHT^2) 3.50E-02 9.40E-01 -3.50E-01 4.27E-01 -1.63E-01 8.01E-01 6.83E-01 9.96E-02 3.17E-01 5.39E-01 9.52E-01 8.74E-02 4.15E-01 4.19E-01 
pHT -1.66E-01 5.58E-01 1.55E-01 5.66E-01 9.92E-01 8.85E-03 8.15E-02 7.49E-01 4.81E-02 8.79E-01 4.07E-01 2.33E-01 1.03E+00 9.66E-04 
(Intercept)13 3.30E+00 2.65E-03 2.54E+00 1.48E-02 -3.33E+00 2.64E-02 2.61E+00 9.12E-03 1.50E+00 2.25E-01 1.12E-01 9.35E-01 -2.00E-01 8.70E-01 
I(pH^2) -1.14E-02 5.19E-01 1.58E-02 3.48E-01 6.38E-02 7.69E-03 -5.33E-03 7.42E-01 -4.99E-03 8.03E-01 2.45E-02 2.66E-01 6.11E-02 1.89E-03 
(Intercept)14 3.97E+00 6.48E-02 1.56E+00 4.45E-01 -7.23E+00 1.43E-02 3.00E+00 1.26E-01 1.84E+00 4.48E-01 -1.23E+00 6.48E-01 -3.75E+00 1.17E-01 
pH -1.76E-01 5.21E-01 2.49E-01 3.39E-01 9.99E-01 7.56E-03 -9.19E-02 7.14E-01 -8.27E-02 7.89E-01 3.64E-01 2.87E-01 9.34E-01 2.21E-03 
               (Intercept)15 2.38E+00 1.80E-50 3.56E+00 6.43E-113 5.90E-01 7.84E-03 2.09E+00 1.28E-45 1.04E+00 1.72E-08 1.19E+00 1.92E-09 3.61E+00 1.73E-80 
I(DOT^2) 4.68E-02 6.44E-02 -1.44E-02 5.74E-01 1.13E-02 7.57E-01 4.70E-02 4.48E-02 3.77E-02 1.94E-01 9.89E-02 1.45E-03 1.08E-02 7.25E-01 
DOT -6.73E-02 4.50E-01 -7.01E-02 4.35E-01 2.41E-01 5.16E-02 1.85E-02 8.23E-01 2.53E-02 8.05E-01 2.31E-01 3.45E-02 1.50E-01 1.64E-01 
(Intercept)17 3.97E+00 4.85E-31 3.72E+00 2.13E-25 -3.56E-01 4.96E-01 2.55E+00 5.98E-14 1.57E+00 1.76E-04 1.49E+00 1.55E-03 3.05E+00 1.33E-12 
I(DO^2) -1.02E-02 5.75E-02 -3.41E-03 5.40E-01 1.65E-02 3.77E-02 -4.65E-03 3.81E-01 -6.50E-03 3.22E-01 2.54E-03 7.28E-01 9.91E-03 1.38E-01 
(Intercept)16 8.13E-01 1.77E-01 3.80E+00 3.36E-11 -1.04E+00 2.37E-01 2.89E+00 8.86E-08 1.88E+00 4.67E-03 1.69E+00 2.53E-02 2.66E+00 1.22E-04 
DO 2.72E-01 5.13E-04 -3.80E-02 6.09E-01 2.21E-01 4.71E-02 -8.30E-02 2.37E-01 -9.32E-02 2.80E-01 -5.86E-03 9.52E-01 1.31E-01 1.44E-01 







Burrower Crawler Flier Fullwaterswimmer InterstitialEndobenthic Surfaceswimmer Temporarily attached 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
I(ChlorophyllT^2) -2.61E-03 2.47E-02 -6.66E-03 7.27E-02 -1.67E-03 7.12E-01 -1.24E-02 7.52E-02 -3.06E-03 5.48E-01 -5.95E-03 3.54E-01 -1.78E-03 2.26E-01 
ChlorophyllT 1.03E-01 5.74E-02 6.87E-02 3.50E-01 -1.76E-02 8.59E-01 1.18E-01 9.95E-02 -1.14E-02 8.99E-01 1.29E-02 8.96E-01 1.75E-02 7.87E-01 
(Intercept)19 2.60E+00 1.36E-73 3.57E+00 4.72E-156 7.47E-01 1.44E-04 2.35E+00 1.12E-72 1.25E+00 1.14E-14 1.71E+00 2.08E-21 3.72E+00 8.25E-114 
I(Chlorophyll^2) 3.26E-05 9.24E-01 -1.77E-03 4.71E-02 -1.85E-03 3.99E-01 -2.58E-03 9.77E-02 -2.52E-03 2.52E-01 -3.29E-03 1.90E-01 -1.05E-03 2.68E-02 
(Intercept)20 2.51E+00 3.15E-56 3.66E+00 7.92E-129 8.56E-01 2.29E-04 2.43E+00 2.49E-60 1.37E+00 1.49E-12 1.84E+00 4.16E-18 3.78E+00 4.09E-94 
Chlorophyll 2.25E-02 2.35E-01 -4.18E-02 3.27E-02 -4.96E-02 2.31E-01 -4.29E-02 4.91E-02 -5.61E-02 1.20E-01 -6.33E-02 9.27E-02 -3.11E-02 1.70E-01 
               (Intercept)21 2.69E+00 4.47E-65 3.59E+00 9.39E-128 5.90E-01 1.11E-02 2.28E+00 1.80E-56 1.24E+00 9.07E-08 1.63E+00 2.43E-13 
  I(TurbidityT^2) -4.07E-03 7.17E-02 -3.52E-03 8.03E-02 -1.34E-03 8.05E-01 -1.53E-03 4.59E-01 -1.38E-02 3.55E-01 -5.99E-03 4.29E-01 
  TurbidityT 2.07E-02 6.69E-01 6.65E-03 8.84E-01 -1.06E-01 1.41E-01 -3.95E-02 3.73E-01 -7.97E-02 1.90E-01 -8.04E-02 2.28E-01 
  (Intercept)22 2.68E+00 5.51E-78 3.60E+00 5.95E-155 8.50E-01 4.01E-05 2.35E+00 9.54E-74 1.39E+00 1.16E-15 1.81E+00 5.12E-22 3.78E+00 7.09E-117 
I(Turbidity^2) -2.47E-03 6.37E-03 -2.45E-03 1.26E-03 -7.13E-03 1.30E-01 -2.33E-03 8.02E-03 -1.07E-02 3.88E-02 -8.11E-03 4.20E-02 -3.93E-03 4.50E-04 
(Intercept)23 2.80E+00 1.79E-61 3.72E+00 5.29E-119 1.04E+00 2.21E-05 2.52E+00 1.12E-60 1.57E+00 8.41E-15 2.00E+00 5.99E-20 3.97E+00 2.47E-92 
Turbidity -5.50E-02 2.25E-02 -5.34E-02 1.55E-02 -1.15E-01 2.43E-02 -6.91E-02 3.34E-03 -1.23E-01 4.00E-03 -1.17E-01 4.19E-03 -8.21E-02 2.52E-03 
               (Intercept)24 2.49E+00 3.39E-62 3.38E+00 1.95E-128 5.63E-01 6.43E-03 2.26E+00 5.49E-61 9.85E-01 2.66E-09 1.56E+00 1.42E-16 3.30E+00 2.37E-90 
I(CODT^2) 3.14E-04 1.22E-01 3.33E-04 8.24E-02 1.81E-04 5.79E-01 6.51E-05 7.26E-01 4.87E-04 2.56E-02 2.43E-04 3.44E-01 7.10E-04 1.53E-03 
CODT -1.80E-02 2.18E-01 -3.24E-02 1.78E-02 -3.48E-02 9.05E-02 2.86E-03 8.30E-01 -2.95E-02 6.90E-02 -1.95E-02 2.90E-01 -6.29E-02 8.84E-05 
(Intercept)25 2.56E+00 1.18E-66 3.54E+00 2.70E-138 8.29E-01 1.34E-04 2.24E+00 1.03E-61 1.12E+00 1.21E-11 1.65E+00 7.89E-19 3.70E+00 3.56E-103 
I(COD^2) 6.20E-05 4.68E-01 -4.59E-05 5.80E-01 -3.81E-04 2.01E-01 7.12E-05 3.55E-01 9.06E-05 3.22E-01 -1.16E-05 9.15E-01 -6.38E-05 5.25E-01 
(Intercept)26 2.55E+00 3.33E-36 3.67E+00 8.81E-82 1.11E+00 2.31E-04 2.17E+00 4.78E-32 1.17E+00 2.92E-07 1.73E+00 1.06E-11 4.03E+00 1.06E-67 
COD 2.81E-03 7.45E-01 -1.04E-02 2.07E-01 -2.96E-02 5.97E-02 6.50E-03 4.04E-01 1.56E-03 8.70E-01 -5.51E-03 6.17E-01 -2.16E-02 2.97E-02 
               (Intercept)30 2.45E+00 5.41E-49 3.32E+00 3.26E-101 5.09E-01 2.82E-02 2.08E+00 6.79E-44 8.26E-01 1.67E-05 1.61E+00 1.62E-14 3.75E+00 8.49E-85 
I(Nitrate.NT^2) 1.17E+00 1.42E-01 1.35E+00 6.98E-02 1.40E+00 2.02E-01 1.33E+00 6.43E-02 2.29E+00 1.12E-02 2.73E-01 7.87E-01 -8.46E-01 3.63E-01 
Nitrate.NT -1.24E+00 1.44E-01 -1.98E+00 1.27E-02 -1.73E+00 1.47E-01 -2.08E+00 6.89E-03 -3.19E+00 1.39E-03 -5.02E-01 6.39E-01 4.51E-01 6.46E-01 
(Intercept)31 2.60E+00 5.78E-63 3.57E+00 1.35E-130 7.24E-01 6.32E-04 2.36E+00 1.09E-63 1.24E+00 1.20E-12 1.67E+00 6.63E-18 3.74E+00 3.25E-97 
I(Nitrate.N^2) -2.48E-03 9.91E-01 -2.23E-01 3.15E-01 -9.75E-02 7.65E-01 -3.29E-01 1.37E-01 -1.82E-01 5.05E-01 -1.08E-01 7.13E-01 -2.71E-01 3.15E-01 
(Intercept)32 2.65E+00 8.80E-33 3.74E+00 1.58E-71 8.35E-01 6.33E-03 2.57E+00 1.68E-37 1.43E+00 1.33E-08 1.74E+00 4.22E-10 3.80E+00 9.19E-50 
Nitrate.N -1.34E-01 7.52E-01 -6.11E-01 1.27E-01 -3.51E-01 5.55E-01 -7.95E-01 4.43E-02 -6.48E-01 1.96E-01 -2.41E-01 6.51E-01 -3.37E-01 4.90E-01 
               (Intercept)33 2.63E+00 5.94E-69 3.31E+00 2.32E-130 6.59E-01 1.42E-03 2.23E+00 8.31E-60 9.62E-01 1.97E-08 1.61E+00 1.32E-17 3.69E+00 1.01E-101 
I(ClT^2) -7.44E-04 4.55E-01 2.10E-03 1.94E-02 2.88E-04 8.45E-01 7.87E-04 3.80E-01 2.56E-03 2.68E-02 5.68E-04 6.44E-01 -8.80E-04 4.48E-01 
ClT 1.60E-02 6.83E-01 -1.18E-01 1.11E-03 -4.15E-02 4.53E-01 -3.61E-02 3.17E-01 -1.34E-01 5.32E-03 -2.51E-02 6.12E-01 -9.28E-03 8.37E-01 
(Intercept)34 2.62E+00 7.89E-74 3.54E+00 4.51E-149 7.41E-01 1.72E-04 2.29E+00 8.03E-68 1.21E+00 7.08E-14 1.65E+00 7.59E-20 3.71E+00 1.07E-111 
I(Cl^2) -3.31E-04 4.18E-01 -5.28E-04 1.72E-01 -7.82E-04 3.45E-01 -9.59E-05 7.92E-01 -3.37E-04 4.96E-01 -4.82E-05 9.23E-01 -8.88E-04 6.76E-02 
(Intercept)35 2.66E+00 3.41E-54 3.68E+00 3.05E-117 8.47E-01 4.14E-04 2.33E+00 1.71E-50 1.33E+00 9.01E-12 1.68E+00 5.34E-15 3.84E+00 1.16E-84 
Cl -1.20E-02 5.40E-01 -4.14E-02 2.75E-02 -3.46E-02 2.74E-01 -1.05E-02 5.57E-01 -3.54E-02 1.68E-01 -6.63E-03 7.86E-01 -3.84E-02 9.06E-02 
               (Intercept)36 2.59E+00 2.92E-74 3.51E+00 5.65E-149 7.15E-01 2.24E-01 2.30E+00 3.67E-71 1.20E+00 4.25E-14 1.65E+00 8.51E-21 3.66E+00 1.28E-110 
I(TotalPT^2) 7.82E+00 5.33E-01 4.98E+00 6.80E-01 -1.80E+02 9.96E-01 -1.60E+01 2.22E-01 -1.20E+01 4.67E-01 -1.66E+01 3.63E-01 4.80E+00 7.43E-01 
TotalPT NA NA NA NA NA NA NA NA NA NA NA NA NA NA 







Burrower Crawler Flier Fullwaterswimmer InterstitialEndobenthic Surfaceswimmer Temporarily attached 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
I(TotalP^2) 1.85E+00 5.33E-01 1.18E+00 6.80E-01 -4.26E+01 9.96E-01 -3.79E+00 2.22E-01 -2.85E+00 4.67E-01 -3.92E+00 3.63E-01 1.13E+00 7.43E-01 
(Intercept)38 1.37E+00 4.90E-01 2.73E+00 1.50E-01 2.89E+01 9.96E-01 4.80E+00 2.03E-02 3.08E+00 2.36E-01 4.24E+00 1.39E-01 2.92E+00 2.07E-01 
TotalP 2.44E+00 5.33E-01 1.55E+00 6.80E-01 -5.63E+01 9.96E-01 -5.01E+00 2.22E-01 -3.76E+00 4.67E-01 -5.17E+00 3.63E-01 1.50E+00 7.43E-01 
               (Intercept)39 2.61E+00 4.69E-58 3.50E+00 1.54E-112 6.45E-01 4.09E-03 2.32E+00 2.27E-57 1.35E+00 1.08E-11 1.67E+00 2.92E-16 3.54E+00 6.92E-82 
I(Ammonium.NT^2) -1.87E-01 8.43E-01 1.58E-01 8.62E-01 5.65E-01 6.65E-01 -7.29E-01 3.87E-01 -2.34E+00 1.81E-01 -2.87E-01 8.09E-01 6.24E-01 5.69E-01 
Ammonium.NT 6.65E-01 5.85E-01 -4.85E-01 6.79E-01 -8.20E-01 6.32E-01 1.39E+00 2.03E-01 1.80E+00 2.76E-01 4.60E-01 7.65E-01 -2.14E+00 1.28E-01 
(Intercept)40 2.57E+00 1.92E-70 3.54E+00 9.46E-146 7.04E-01 3.79E-04 2.22E+00 1.39E-64 1.23E+00 3.41E-14 1.64E+00 1.59E-19 3.72E+00 1.19E-112 
I(Ammonium.N^2) 2.61E-01 3.87E-01 -2.19E-01 4.57E-01 -4.48E-02 9.16E-01 4.34E-01 1.08E-01 -4.37E-01 2.79E-01 4.92E-02 8.98E-01 -8.43E-01 2.47E-02 
(Intercept)41 2.52E+00 2.58E-58 3.56E+00 1.34E-125 7.25E-01 7.53E-04 2.16E+00 8.79E-53 1.21E+00 7.95E-12 1.62E+00 1.64E-16 3.82E+00 1.95E-102 
Ammonium.N 4.59E-01 3.32E-01 -3.34E-01 4.66E-01 -1.86E-01 7.81E-01 6.84E-01 1.05E-01 -1.25E-01 8.20E-01 1.38E-01 8.17E-01 -1.50E+00 7.90E-03 
               (Intercept)42 2.37E+00 1.37E-54 3.33E+00 7.94E-119 6.77E-01 2.13E-03 2.19E+00 2.10E-53 1.00E+00 1.16E-08 1.61E+00 2.08E-16 3.52E+00 4.85E-87 
I(AveStreamWidthT^2) 5.01E-04 1.42E-02 3.57E-04 6.75E-02 -1.75E-04 6.89E-01 2.42E-04 2.07E-01 4.39E-04 5.80E-02 7.48E-05 7.80E-01 2.92E-04 2.28E-01 
AveStreamWidthT -2.98E-02 2.07E-02 -3.68E-02 2.49E-03 -2.01E-02 2.79E-01 -1.78E-02 1.38E-01 -2.76E-02 6.22E-02 -8.85E-03 5.94E-01 -3.41E-02 2.36E-02 
(Intercept)43 2.58E+00 1.44E-65 3.56E+00 5.50E-138 8.45E-01 6.83E-05 2.28E+00 7.02E-62 1.14E+00 1.27E-11 1.66E+00 1.00E-18 3.71E+00 4.13E-102 
I(AveStreamWidth^2) 3.62E-05 6.68E-01 -8.72E-05 2.84E-01 -3.74E-04 1.23E-01 6.35E-06 9.35E-01 6.56E-05 4.75E-01 -3.51E-05 7.44E-01 -9.25E-05 3.48E-01 
(Intercept)44 2.64E+00 3.04E-41 3.73E+00 1.67E-92 1.06E+00 1.20E-04 2.33E+00 8.23E-39 1.14E+00 2.24E-07 1.73E+00 1.83E-12 3.88E+00 1.93E-67 
AveStreamWidth -2.07E-03 7.92E-01 -1.43E-02 5.32E-02 -2.48E-02 5.67E-02 -2.47E-03 7.31E-01 3.08E-03 7.25E-01 -4.99E-03 6.15E-01 -1.41E-02 1.18E-01 
               (Intercept)45 2.02E+00 1.46E-29 3.48E+00 2.33E-83 7.47E-01 3.53E-03 2.26E+00 1.13E-37 1.30E+00 1.26E-09 1.61E+00 2.36E-11 3.64E+00 3.53E-63 
I(MeanDepthT^2) 7.13E+00 2.85E-04 3.33E-02 9.87E-01 -2.25E+00 4.58E-01 4.59E-01 8.15E-01 -1.99E+00 4.15E-01 4.98E-01 8.53E-01 -6.51E-01 7.89E-01 
MeanDepthT -2.01E+00 1.23E-03 -1.11E+00 8.11E-02 -1.42E+00 1.17E-01 -1.97E-01 7.51E-01 8.03E-01 3.01E-01 -3.33E-01 6.96E-01 -1.57E+00 4.13E-02 
(Intercept)46 2.67E+00 8.37E-43 3.73E+00 3.71E-93 1.06E+00 3.92E-05 2.30E+00 2.08E-38 1.14E+00 1.98E-07 1.69E+00 3.81E-12 3.98E+00 6.97E-74 
I(MeanDepth^2) -2.80E-01 5.95E-01 -9.37E-01 5.80E-02 -1.74E+00 2.44E-02 -6.99E-02 8.84E-01 2.00E-01 7.34E-01 -1.88E-01 7.75E-01 -1.50E+00 1.15E-02 
(Intercept)47 2.89E+00 5.81E-24 3.97E+00 5.15E-49 1.41E+00 2.43E-04 2.33E+00 9.01E-19 1.04E+00 1.45E-03 1.75E+00 1.30E-06 4.35E+00 8.42E-41 
MeanDepth -6.97E-01 2.20E-01 -1.10E+00 3.94E-02 -1.78E+00 2.58E-02 -1.09E-01 8.34E-01 3.46E-01 5.89E-01 -2.42E-01 7.36E-01 -1.70E+00 8.35E-03 
               (Intercept)48 2.82E+00 4.65E-39 3.78E+00 1.58E-79 9.10E-01 8.73E-04 2.51E+00 2.84E-40 1.34E+00 1.08E-08 1.79E+00 3.71E-12 4.13E+00 1.29E-66 
factor(MainLandUse)2 -4.76E-01 1.37E-01 -2.87E-01 3.33E-01 -8.31E-03 9.84E-01 -1.82E-01 5.17E-01 3.76E-02 9.13E-01 8.00E-02 8.33E-01 -8.81E-01 1.29E-02 
factor(MainLandUse)3 -4.66E-01 2.42E-01 -8.28E-01 2.52E-02 -1.35E+00 1.92E-02 -8.21E-01 2.15E-02 -9.34E-01 4.31E-02 -9.97E-01 4.34E-02 -1.47E+00 9.20E-04 
factor(MainLandUse)4 5.09E-02 9.32E-01 -1.39E+00 1.41E-02 -2.52E+00 3.89E-02 -1.41E+00 1.28E-02 -1.16E+00 1.12E-01 -2.30E+00 1.03E-02 -5.44E-01 4.11E-01 
(Intercept)49 2.57E+00 2.94E-65 3.51E+00 2.21E-130 5.05E-01 1.72E-02 2.21E+00 6.99E-58 1.19E+00 1.15E-11 1.45E+00 1.54E-15 3.47E+00 4.68E-89 
as.ordered(Shading).L -9.12E-02 8.17E-01 -7.27E-03 9.85E-01 -4.04E-01 4.62E-01 -1.88E-01 6.01E-01 -1.21E-01 7.93E-01 -6.97E-02 8.81E-01 -7.15E-01 1.17E-01 
as.ordered(Shading).Q 4.39E-02 9.11E-01 5.17E-01 1.73E-01 2.94E-01 5.99E-01 7.04E-01 5.11E-02 1.15E-01 8.00E-01 8.44E-01 7.78E-02 2.13E-01 6.40E-01 
as.ordered(Shading).C 5.68E-01 1.14E-01 7.88E-01 2.16E-02 3.02E-01 5.44E-01 1.73E-01 5.97E-01 3.11E-01 4.57E-01 1.20E+00 5.12E-03 1.30E-01 7.52E-01 
as.ordered(Shading)^4 1.06E+00 1.88E-03 4.59E-01 1.58E-01 -5.66E-01 2.34E-01 1.92E-01 5.39E-01 5.07E-01 2.04E-01 -7.60E-01 6.47E-02 1.03E+00 8.43E-03 
as.ordered(Shading)^5 1.18E-01 7.36E-01 -1.54E-01 6.48E-01 6.45E-01 2.04E-01 -2.55E-01 4.33E-01 -3.82E-02 9.25E-01 -3.55E-01 4.22E-01 1.74E-01 6.67E-01 
(Intercept)50 2.40E+00 4.28E-43 3.60E+00 2.33E-106 8.59E-01 2.84E-04 2.23E+00 3.22E-45 1.39E+00 2.64E-13 1.58E+00 9.75E-13 3.90E+00 1.19E-85 
factor(MainMac)1 -4.21E-01 5.18E-01 -1.69E+00 7.16E-03 -1.15E+00 2.48E-01 -1.31E+00 4.03E-02 -2.08E+00 3.04E-02 -1.02E+00 2.40E-01 -1.54E+00 3.75E-02 
factor(MainMac)2 -4.56E-01 6.14E-01 -1.35E+00 1.17E-01 -8.59E-01 5.15E-01 -6.21E-01 4.57E-01 -1.39E+00 2.26E-01 3.25E-02 9.77E-01 -2.19E+00 3.72E-02 







Burrower Crawler Flier Fullwaterswimmer InterstitialEndobenthic Surfaceswimmer Temporarily attached 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
(Intercept)51 2.74E+00 8.30E-13 2.41E+00 9.76E-11 -1.05E-01 8.57E-01 1.59E+00 1.73E-05 9.16E-01 4.46E-02 1.25E+00 1.31E-02 2.66E+00 4.29E-09 
factor(Valleyform)4 4.02E-01 4.37E-01 1.52E+00 2.29E-03 1.40E+00 5.90E-02 5.01E-01 3.11E-01 3.12E-01 6.09E-01 6.81E-01 3.13E-01 9.88E-01 1.05E-01 
factor(Valleyform)5 -6.30E-01 1.55E-01 1.03E+00 1.51E-02 7.14E-01 2.77E-01 8.43E-01 4.51E-02 1.50E-01 7.75E-01 3.17E-01 5.83E-01 1.33E+00 1.04E-02 
factor(Valleyform)6 -7.31E-02 8.71E-01 1.22E+00 4.92E-03 7.41E-01 2.66E-01 7.74E-01 7.05E-02 4.70E-01 3.74E-01 4.42E-01 4.52E-01 8.04E-01 1.28E-01 
(Intercept)52 2.76E+00 1.14E-05 3.84E+00 2.61E-11 6.93E-01 4.01E-01 1.79E+00 1.74E-03 6.93E-01 3.20E-01 1.10E+00 1.64E-01 3.27E+00 2.63E-06 
factor(Channelform)2 -4.54E-01 7.49E-01 1.00E+00 4.33E-01 1.61E+00 3.53E-01 1.64E+00 1.80E-01 2.56E+00 6.73E-02 1.03E-14 1.00E+00 1.04E+00 5.03E-01 
factor(Channelform)3 -4.54E-01 6.79E-01 3.17E-02 9.75E-01 2.23E-01 8.74E-01 1.20E+00 2.10E-01 1.01E+00 3.74E-01 -4.05E-01 7.72E-01 5.93E-01 6.22E-01 
factor(Channelform)4 -9.43E-02 8.88E-01 -2.92E-01 6.34E-01 -4.31E-01 6.26E-01 5.31E-01 3.82E-01 3.94E-01 5.93E-01 2.88E-01 7.32E-01 8.06E-01 2.76E-01 
factor(Channelform)5 -1.82E-01 7.82E-01 -4.10E-01 4.97E-01 1.93E-01 8.24E-01 4.46E-01 4.56E-01 4.78E-01 5.11E-01 8.11E-01 3.26E-01 4.56E-02 9.50E-01 
factor(Channelform)6 -4.54E-01 6.38E-01 -2.30E+00 1.20E-02 -1.10E+00 4.28E-01 -5.88E-01 5.13E-01 -1.79E+00 2.01E-01 -5.88E-01 6.36E-01 -2.17E+00 5.02E-02 
(Intercept)53 2.23E+00 3.74E-23 3.68E+00 2.85E-69 9.37E-01 8.65E-04 2.38E+00 8.67E-32 1.43E+00 1.04E-09 1.56E+00 3.31E-08 3.69E+00 1.08E-47 
as.ordered(VarInWidth).L -8.25E-01 1.71E-01 7.21E-01 1.96E-01 1.14E+00 1.23E-01 3.11E-01 5.64E-01 1.15E+00 6.09E-02 -2.33E-01 7.61E-01 1.60E-01 8.14E-01 
as.ordered(VarInWidth).Q 1.06E-01 8.47E-01 1.74E-01 7.33E-01 2.98E-01 6.63E-01 2.70E-01 5.84E-01 7.94E-01 1.63E-01 -1.00E+00 1.49E-01 -1.22E-01 8.45E-01 
as.ordered(VarInWidth).C -1.32E-01 7.62E-01 -2.51E-01 5.39E-01 -2.88E-01 6.02E-01 2.89E-01 4.67E-01 1.19E-01 7.96E-01 -6.93E-01 2.04E-01 8.15E-03 9.87E-01 
as.ordered(VarInWidth)^4 -1.47E-01 7.08E-01 1.83E-01 6.21E-01 -1.90E-01 7.10E-01 2.06E-01 5.66E-01 -1.24E-01 7.74E-01 2.99E-01 5.29E-01 -7.92E-01 7.71E-02 
(Intercept)54 2.59E+00 1.71E-36 3.34E+00 3.42E-65 5.02E-01 7.25E-02 2.30E+00 4.87E-35 1.25E+00 6.50E-08 1.43E+00 2.17E-08 3.66E+00 6.79E-53 
as.ordered(Erosion).L -1.51E-01 6.90E-01 -1.68E-01 6.39E-01 2.34E-01 6.28E-01 2.80E-01 4.08E-01 2.64E-01 5.28E-01 6.27E-02 8.91E-01 2.09E-01 6.33E-01 
as.ordered(Erosion).Q -6.13E-01 6.45E-02 4.46E-01 1.62E-01 1.19E+00 1.43E-02 5.38E-01 7.89E-02 3.46E-01 3.63E-01 9.79E-01 2.13E-02 5.17E-01 1.84E-01 
(Intercept)55 2.65E+00 8.52E-22 3.57E+00 5.61E-37 4.42E-01 2.83E-01 2.67E+00 5.58E-25 1.61E+00 3.63E-07 1.68E+00 2.58E-06 3.11E+00 4.69E-20 
factor(ProfileBankDominant)2 -8.85E-01 1.53E-02 -1.47E-02 9.68E-01 5.20E-01 3.23E-01 -3.37E-01 3.18E-01 -4.86E-01 2.45E-01 1.82E-01 6.96E-01 8.34E-01 5.83E-02 
factor(ProfileBankDominant)3 1.37E-01 6.98E-01 -2.41E-01 5.03E-01 7.61E-02 8.85E-01 -8.04E-01 1.68E-02 -5.35E-01 1.94E-01 -6.60E-01 1.57E-01 6.14E-01 1.57E-01 
factor(ProfileBankDominant)4 6.45E-01 1.92E-01 2.52E-01 6.18E-01 3.69E-01 6.11E-01 -4.06E-01 3.89E-01 -1.20E+00 5.19E-02 4.99E-01 4.35E-01 2.78E-01 6.49E-01 
(Intercept)56 2.26E+00 5.37E-39 3.57E+00 2.77E-110 3.80E-01 8.92E-02 2.25E+00 1.11E-44 1.07E+00 2.83E-08 1.40E+00 4.17E-11 3.69E+00 4.70E-76 
as.ordered(VariationInFlow).L -5.50E-01 8.68E-02 5.65E-01 5.78E-02 3.47E-01 3.76E-01 1.01E-02 9.73E-01 7.91E-01 2.47E-02 -2.14E-01 5.80E-01 9.09E-02 8.07E-01 
as.ordered(VariationInFlow).Q 6.15E-01 6.64E-02 2.76E-01 3.75E-01 1.07E+00 1.02E-02 2.56E-01 4.12E-01 6.49E-01 7.93E-02 9.46E-01 1.98E-02 3.95E-01 3.11E-01 
as.ordered(VariationInFlow).C 2.24E-01 6.19E-01 5.68E-01 1.70E-01 1.86E+00 1.97E-03 4.70E-01 2.61E-01 8.50E-02 8.67E-01 1.81E+00 1.16E-03 8.11E-01 1.17E-01 
as.ordered(VariationInFlow)^4 3.04E-01 4.73E-01 -1.95E-01 6.19E-01 2.68E-01 6.31E-01 1.68E-01 6.69E-01 2.40E-01 6.15E-01 1.09E-01 8.36E-01 -6.30E-01 1.99E-01 
(Intercept)57 2.59E+00 8.82E-52 3.42E+00 2.41E-96 3.00E-01 2.51E-01 2.29E+00 7.29E-50 1.19E+00 1.08E-09 1.38E+00 3.06E-10 3.34E+00 3.12E-66 
as.ordered(SludgeLayer).L -1.70E-02 9.61E-01 -2.86E-01 3.88E-01 -5.24E-01 2.65E-01 3.43E-01 2.64E-01 -3.01E-02 9.39E-01 -3.03E-01 4.76E-01 -9.81E-01 1.27E-02 
as.ordered(SludgeLayer).Q -4.21E-01 2.20E-01 -7.65E-02 8.16E-01 9.52E-01 6.90E-02 4.27E-01 1.66E-01 -1.51E-01 6.99E-01 7.05E-01 1.07E-01 -9.40E-01 1.57E-02 
as.ordered(SludgeLayer).C 1.10E-02 9.74E-01 1.39E-01 6.71E-01 1.20E+00 3.58E-02 5.11E-01 9.97E-02 2.90E-02 9.40E-01 9.97E-01 2.65E-02 -1.67E-02 9.65E-01 
(Intercept)58 2.82E+00 4.37E-47 3.71E+00 8.69E-86 6.99E-01 1.16E-02 2.44E+00 1.91E-41 1.24E+00 4.97E-08 1.84E+00 8.25E-14 3.68E+00 5.45E-57 
as.ordered(Twigs).L 6.26E-01 9.03E-02 5.42E-01 1.29E-01 3.04E-02 9.54E-01 4.66E-01 1.71E-01 1.18E-01 7.83E-01 6.11E-01 1.89E-01 5.02E-03 9.91E-01 
as.ordered(Twigs).Q -1.16E-01 7.04E-01 3.87E-03 9.90E-01 1.30E-01 7.65E-01 2.85E-01 3.13E-01 5.79E-02 8.70E-01 2.63E-01 4.96E-01 -5.22E-01 1.46E-01 
(Intercept)59 2.68E+00 4.08E-57 3.58E+00 3.77E-111 6.82E-01 3.79E-03 2.35E+00 4.56E-52 1.18E+00 8.61E-10 1.74E+00 8.45E-17 3.50E+00 7.74E-74 
as.ordered(Branch).L 1.58E-01 6.28E-01 5.35E-01 8.47E-02 -1.37E-01 7.64E-01 3.14E-01 2.96E-01 1.63E-01 6.63E-01 2.54E-01 5.29E-01 1.09E-01 7.71E-01 
as.ordered(Branch).Q 4.97E-01 4.83E-02 -1.14E-01 6.32E-01 1.26E-01 7.20E-01 5.57E-02 8.10E-01 -2.21E-01 4.40E-01 5.55E-01 7.76E-02 -6.51E-01 2.35E-02 
(Intercept)60 2.67E+00 1.32E-50 3.64E+00 2.05E-96 6.75E-01 8.49E-03 2.37E+00 4.82E-45 1.15E+00 5.26E-08 1.77E+00 7.76E-15 3.58E+00 2.39E-62 
as.ordered(Logs).L 1.71E-01 6.26E-01 5.30E-01 1.23E-01 1.79E-02 9.72E-01 2.64E-01 4.25E-01 1.84E-02 9.65E-01 3.44E-01 4.41E-01 -3.17E-01 4.54E-01 







Burrower Crawler Flier Fullwaterswimmer InterstitialEndobenthic Surfaceswimmer Temporarily attached 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
(Intercept)61 2.46E+00 3.84E-75 3.44E+00 3.53E-159 5.42E-01 2.52E-03 2.22E+00 6.37E-71 1.01E+00 1.24E-11 1.61E+00 6.67E-20 3.45E+00 1.08E-119 
as.ordered(MineralSubstrate).L 8.87E-01 3.03E-03 -4.71E-01 9.92E-02 -1.20E+00 2.18E-03 2.99E-02 9.14E-01 -5.43E-01 8.99E-02 -4.33E-01 2.68E-01 -1.02E+00 1.90E-03 
as.ordered(MineralSubstrate).Q 4.23E-01 1.50E-01 6.02E-01 3.19E-02 6.04E-01 1.21E-01 7.44E-01 6.25E-03 1.05E+00 9.40E-04 3.75E-01 3.28E-01 1.19E+00 2.64E-04 
as.ordered(MineralSubstrate).C -2.88E-01 3.54E-01 -4.68E-01 1.14E-01 -2.71E-02 9.48E-01 -1.40E-01 6.28E-01 6.84E-02 8.49E-01 2.58E-01 5.27E-01 2.39E-01 4.85E-01 
as.ordered(MineralSubstrate)^4 2.64E-03 9.93E-01 2.67E-01 3.47E-01 3.64E-02 9.28E-01 1.39E-01 6.17E-01 6.77E-01 4.56E-02 2.22E-01 5.68E-01 -2.23E-01 4.97E-01 
(Intercept)62 3.12E+00 2.60E-36 3.94E+00 7.98E-63 6.70E-01 5.51E-02 2.48E+00 4.70E-25 1.45E+00 1.83E-07 1.25E+00 2.20E-04 4.46E+00 3.31E-59 
factor(BankShapeDominant)2 -6.59E-01 9.32E-02 -1.02E+00 6.38E-03 -1.08E+00 7.58E-02 -4.40E-01 2.47E-01 -5.77E-01 2.01E-01 3.57E-01 4.99E-01 -1.68E+00 1.11E-04 
factor(BankShapeDominant)3 -1.27E+00 2.55E-04 -9.61E-01 3.10E-03 2.30E-02 9.62E-01 -4.28E-01 1.96E-01 -9.58E-01 1.69E-02 5.65E-01 2.19E-01 -1.72E+00 5.83E-06 
factor(BankShapeDominant)4 -5.87E-01 1.20E-01 -3.31E-01 3.54E-01 4.48E-01 3.88E-01 2.69E-03 9.94E-01 2.03E-01 6.27E-01 5.39E-01 2.87E-01 -1.01E+00 1.53E-02 
factor(BankShapeDominant)5 4.40E-01 7.10E-01 1.18E+00 2.92E-01 1.12E+00 4.75E-01 7.60E-03 9.95E-01 -6.60E-02 9.61E-01 5.39E-01 7.34E-01 -9.12E-02 9.45E-01 
(Intercept)63 2.67E+00 1.86E-34 3.66E+00 8.20E-73 9.19E-01 1.21E-03 2.34E+00 1.77E-33 1.43E+00 1.39E-10 1.68E+00 5.41E-10 3.67E+00 1.39E-47 
as.ordered(BankSlopeDominant).L 3.73E-01 5.48E-01 3.02E-01 6.01E-01 6.38E-01 4.27E-01 1.08E-02 9.84E-01 4.80E-01 4.43E-01 5.96E-01 4.41E-01 2.93E-01 6.85E-01 
as.ordered(BankSlopeDominant).Q 4.63E-01 3.90E-01 1.02E+00 4.21E-02 6.31E-01 3.68E-01 7.58E-01 1.12E-01 1.36E+00 1.25E-02 -2.48E-01 7.12E-01 1.63E-01 7.94E-01 
as.ordered(BankSlopeDominant).C 5.40E-01 2.08E-01 4.22E-01 2.90E-01 -3.01E-02 9.57E-01 4.01E-01 2.98E-01 4.21E-01 3.45E-01 -3.60E-01 4.95E-01 2.27E-01 6.47E-01 
as.ordered(BankSlopeDominant)^4 1.91E-01 5.31E-01 5.37E-01 5.76E-02 -3.42E-01 3.99E-01 5.38E-01 5.03E-02 3.16E-02 9.23E-01 -1.70E-01 6.50E-01 4.40E-01 2.10E-01 
(Intercept)64 2.05E+00 2.10E-12 -7.83E-02 1.00E+00 -2.55E+00 9.96E-01 -9.49E-01 9.99E-01 -1.94E+00 9.97E-01 -1.49E+00 9.98E-01 2.85E+00 4.93E-20 
as.ordered(BedCompaction).L 1.90E+00 4.90E-02 1.30E+01 9.95E-01 1.17E+01 9.96E-01 1.19E+01 9.95E-01 1.14E+01 9.96E-01 1.15E+01 9.96E-01 2.85E+00 5.34E-03 
as.ordered(BedCompaction).Q -9.49E-01 2.81E-01 -1.08E+01 9.95E-01 -9.07E+00 9.96E-01 -1.06E+01 9.96E-01 -9.71E+00 9.96E-01 -1.01E+01 9.96E-01 -1.78E+00 5.60E-02 
as.ordered(BedCompaction).C 9.19E-01 1.81E-01 7.35E+00 9.95E-01 5.80E+00 9.96E-01 6.99E+00 9.96E-01 6.74E+00 9.96E-01 6.64E+00 9.96E-01 7.12E-01 3.30E-01 
as.ordered(BedCompaction)^4 -3.47E-01 4.89E-01 -3.95E+00 9.95E-01 -3.32E+00 9.96E-01 -4.16E+00 9.95E-01 -3.64E+00 9.96E-01 -4.53E+00 9.94E-01 -3.98E-02 9.41E-01 
as.ordered(BedCompaction)^5 -1.05E-01 7.75E-01 8.35E-01 9.97E-01 4.78E-01 9.98E-01 9.96E-01 9.96E-01 7.53E-01 9.97E-01 1.39E+00 9.95E-01 -1.56E+00 7.61E-05 
(Intercept)65 2.40E+00 1.41E-59 3.55E+00 3.26E-146 6.58E-01 6.10E-04 2.28E+00 1.46E-61 1.12E+00 9.61E-12 1.68E+00 3.37E-19 3.55E+00 2.36E-105 
as.ordered(SedimentMatrix).L 6.56E-01 3.41E-02 -8.25E-01 4.36E-03 -1.17E+00 3.04E-03 -2.32E-01 4.20E-01 -7.11E-01 3.58E-02 -4.99E-01 2.03E-01 -9.97E-01 3.58E-03 
as.ordered(SedimentMatrix).Q 2.32E-01 4.87E-01 -1.99E-02 9.49E-01 2.45E-01 5.73E-01 1.13E-01 7.16E-01 2.79E-01 4.55E-01 -1.41E-02 9.73E-01 -1.60E-01 6.64E-01 
as.ordered(SedimentMatrix).C 2.40E-01 4.47E-01 8.12E-02 7.84E-01 -4.93E-02 9.04E-01 1.49E-01 6.16E-01 3.81E-01 2.77E-01 8.64E-02 8.31E-01 6.63E-01 5.88E-02 
as.ordered(SedimentMatrix)^4 -7.41E-02 8.35E-01 2.34E-01 4.82E-01 -2.65E-01 5.74E-01 -1.51E-02 9.64E-01 -3.90E-01 3.37E-01 1.28E-01 7.76E-01 -2.47E-01 5.31E-01 
(Intercept)66 2.74E+00 2.21E-71 3.42E+00 1.87E-116 5.24E-01 1.95E-02 2.24E+00 8.82E-58 1.03E+00 9.35E-10 1.73E+00 3.30E-17 3.33E+00 3.32E-82 
as.ordered(SedimentAngularity).L -8.21E-01 2.30E-02 -7.54E-01 3.29E-02 -2.38E-01 6.56E-01 -7.87E-02 8.11E-01 -6.23E-01 1.14E-01 -3.32E-01 4.91E-01 -1.11E+00 6.81E-03 
as.ordered(SedimentAngularity).Q 8.98E-01 3.35E-03 -1.71E-01 5.66E-01 -4.03E-01 3.69E-01 3.44E-01 2.19E-01 6.30E-02 8.51E-01 3.85E-01 3.46E-01 -6.23E-01 7.27E-02 
as.ordered(SedimentAngularity).C -1.74E-01 4.66E-01 3.96E-01 8.55E-02 5.60E-01 1.00E-01 7.85E-01 3.22E-04 9.16E-01 5.63E-04 1.21E-01 7.04E-01 6.11E-01 2.22E-02 
(Intercept)67 1.97E+00 7.69E-10 3.42E+00 1.30E-39 -2.18E+00 9.97E-01 2.15E+00 5.43E-15 1.17E+00 3.18E-04 1.33E+00 2.76E-04 3.16E+00 2.53E-18 
as.ordered(RiffleClass).L 1.42E+00 1.68E-01 2.31E+00 4.69E-03 1.22E+01 9.95E-01 1.40E+00 1.10E-01 1.81E+00 8.05E-02 1.14E+00 2.98E-01 2.86E+00 1.39E-02 
as.ordered(RiffleClass).Q -6.83E-01 4.88E-01 -1.10E-01 8.89E-01 -8.29E+00 9.97E-01 -6.76E-01 4.22E-01 2.72E-01 7.85E-01 1.11E+00 3.11E-01 -1.33E+00 2.33E-01 
as.ordered(RiffleClass).C 1.56E+00 2.90E-02 8.94E-01 1.24E-01 7.01E+00 9.96E-01 3.98E-01 5.19E-01 3.38E-01 6.41E-01 1.54E+00 5.69E-02 1.52E+00 6.10E-02 
as.ordered(RiffleClass)^4 -8.55E-01 9.31E-02 -2.50E-01 5.63E-01 -3.61E+00 9.96E-01 -4.38E-01 3.27E-01 -6.37E-01 2.26E-01 -3.56E-01 5.76E-01 -9.16E-01 1.14E-01 








Appendix Table 5.4.  Estimates and p-values of each reproduction mode. For all numeric variables, the model containing both the linear and 
quadratic terms are based on the mean-centered variables as described in the text. The final model is explained in the text. 
 
ClutchesCemented ClutchesFree ClutchesVegetation ClutchesTerrestrial Isolatedeggscemented IsolatedeggsFree Oviviparity 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
(Intercept) 3.68E+00 2.04E-96 1.91E+00 1.53E-24 1.70E+00 6.23E-27 1.33E+00 1.40E-10 3.79E+00 1.68E-108 1.55E+00 2.33E-14 1.10E+00 7.92E-08 
I(ElevationT^2) -2.91E-06 1.92E-01 3.08E-06 1.88E-01 -2.88E-06 1.53E-01 -5.45E-06 4.36E-02 -7.02E-06 1.20E-03 -6.66E-07 7.95E-01 1.75E-06 5.00E-01 
ElevationT 3.57E-03 8.15E-03 -2.01E-03 1.58E-01 2.63E-03 3.07E-02 3.67E-03 2.15E-02 5.93E-03 6.29E-06 1.17E-03 4.51E-01 -1.64E-03 2.94E-01 
(Intercept)2 3.40E+00 2.72E-110 2.08E+00 8.46E-40 1.51E+00 2.00E-27 1.05E+00 8.48E-09 3.43E+00 3.67E-102 1.45E+00 4.42E-17 1.23E+00 5.28E-13 
I(Elevation^2) 2.40E-06 5.88E-04 3.97E-08 9.57E-01 1.07E-06 8.26E-02 9.42E-07 2.47E-01 2.77E-06 1.61E-04 9.52E-07 2.22E-01 -4.37E-07 5.92E-01 
(Intercept)1 3.17E+00 2.96E-73 2.13E+00 8.66E-31 1.37E+00 1.58E-17 8.93E-01 2.44E-05 2.99E+00 1.32E-63 1.37E+00 9.79E-12 1.30E+00 7.17E-11 
Elevation 2.25E-03 3.55E-04 -2.58E-04 7.00E-01 1.23E-03 2.78E-02 1.25E-03 8.89E-02 3.24E-03 3.77E-07 8.86E-04 2.15E-01 -6.43E-04 3.88E-01 
               (Intercept)3 3.52E+00 3.30E-99 2.06E+00 3.00E-33 1.49E+00 6.68E-24 7.59E-01 2.57E-05 3.35E+00 3.10E-93 1.38E+00 2.78E-13 1.29E+00 6.29E-12 
I(VelocityT^2) 8.18E-01 4.21E-01 1.21E-01 9.09E-01 9.55E-01 2.75E-01 2.24E+00 3.30E-02 1.97E+00 4.79E-02 1.74E+00 1.21E-01 -1.18E+00 3.44E-01 
VelocityT 9.56E-01 1.22E-01 -6.84E-01 2.79E-01 5.38E-01 3.27E-01 1.12E+00 9.62E-02 1.44E+00 1.73E-02 -3.75E-01 5.89E-01 8.11E-02 9.06E-01 
(Intercept)5 3.36E+00 5.43E-91 2.18E+00 3.74E-37 1.40E+00 3.37E-21 5.83E-01 1.43E-03 3.10E+00 1.32E-80 1.50E+00 2.00E-15 1.29E+00 5.25E-12 
I(Velocity^2) 1.18E+00 6.19E-03 -5.18E-01 2.61E-01 8.67E-01 1.80E-02 1.86E+00 1.79E-05 2.10E+00 5.83E-07 2.16E-01 6.56E-01 -4.57E-01 3.74E-01 
(Intercept)4 3.18E+00 6.08E-48 2.29E+00 1.02E-24 1.30E+00 4.19E-11 4.20E-01 8.70E-02 2.92E+00 1.66E-41 1.55E+00 3.74E-10 1.29E+00 1.09E-07 
Velocity 1.25E+00 1.13E-02 -6.48E-01 2.04E-01 8.39E-01 5.31E-02 1.65E+00 1.81E-03 1.84E+00 1.56E-04 -2.59E-02 9.63E-01 -2.76E-01 6.20E-01 
               (Intercept)6 3.32E+00 3.17E-96 2.11E+00 8.95E-37 1.44E+00 6.78E-23 1.16E+00 8.53E-10 3.42E+00 3.25E-93 1.51E+00 4.26E-17 1.31E+00 2.36E-13 
I(TemperatureT^2) 3.67E-02 9.67E-04 -3.33E-03 7.76E-01 2.13E-02 3.02E-02 -1.28E-02 3.85E-01 2.98E-02 1.06E-02 -2.74E-03 8.34E-01 -1.94E-02 1.53E-01 
TemperatureT -1.27E-01 3.11E-02 1.17E-02 8.50E-01 -5.17E-02 3.22E-01 -1.21E-01 9.24E-02 -1.71E-01 5.60E-03 -1.19E-01 7.36E-02 -4.43E-03 9.49E-01 
(Intercept)8 4.46E+00 5.19E-10 1.96E+00 6.00E-03 1.56E+00 1.45E-02 2.79E+00 1.04E-03 5.01E+00 9.60E-12 3.02E+00 1.44E-04 1.34E+00 8.57E-02 
I(Temperature^2) -1.23E-03 2.61E-01 1.95E-04 8.58E-01 8.76E-05 9.28E-01 -2.66E-03 4.40E-02 -2.09E-03 6.35E-02 -2.38E-03 5.24E-02 -2.07E-04 8.62E-01 
(Intercept)7 5.51E+00 1.48E-04 1.80E+00 2.15E-01 1.68E+00 1.94E-01 4.41E+00 9.67E-03 6.59E+00 9.55E-06 4.56E+00 4.34E-03 1.23E+00 4.36E-01 
Temperature -7.35E-02 2.01E-01 1.14E-02 8.42E-01 -2.76E-03 9.57E-01 -1.32E-01 5.17E-02 -1.16E-01 4.85E-02 -1.22E-01 5.50E-02 -9.73E-04 9.88E-01 
               (Intercept)9 3.54E+00 1.85E-72 2.32E+00 2.87E-34 1.61E+00 1.11E-21 1.15E+00 3.31E-07 3.88E+00 1.88E-83 1.83E+00 2.89E-19 1.39E+00 2.55E-11 
I(ConductivityT^2) 4.91E-06 2.98E-01 -1.03E-05 2.90E-02 -1.09E-06 7.87E-01 -3.47E-06 5.56E-01 -7.44E-06 1.23E-01 -1.43E-05 6.84E-03 -8.66E-06 1.10E-01 
ConductivityT -1.28E-03 4.48E-01 2.43E-03 1.37E-01 1.82E-03 2.11E-01 -1.86E-03 3.33E-01 3.50E-03 4.27E-02 3.52E-03 4.57E-02 1.01E-03 5.71E-01 
(Intercept)11 3.64E+00 3.57E-98 2.16E+00 9.01E-37 1.45E+00 4.59E-22 1.35E+00 3.44E-12 3.66E+00 1.00E-92 1.65E+00 1.87E-18 1.36E+00 1.46E-13 
I(Conductivity^2) 6.38E-07 5.92E-01 -1.09E-06 3.62E-01 1.84E-06 6.50E-02 -3.96E-06 1.54E-02 8.25E-07 5.03E-01 -1.53E-06 2.53E-01 -2.50E-06 7.49E-02 
(Intercept)10 3.63E+00 2.01E-49 2.11E+00 3.12E-18 1.26E+00 2.38E-09 1.64E+00 4.90E-09 3.45E+00 2.03E-42 1.51E+00 1.47E-08 1.49E+00 1.67E-08 
Conductivity 2.90E-04 7.48E-01 -1.16E-04 8.97E-01 1.49E-03 4.97E-02 -2.67E-03 1.72E-02 1.21E-03 1.92E-01 1.35E-04 8.91E-01 -1.40E-03 1.65E-01 
               (Intercept)12 3.74E+00 1.93E-81 1.87E+00 1.06E-23 1.58E+00 1.02E-19 9.42E-01 2.56E-05 3.47E+00 8.64E-73 1.28E+00 6.75E-10 1.10E+00 7.57E-08 
I(pHT^2) -2.89E-01 5.55E-01 4.89E-01 2.89E-01 1.09E-01 8.01E-01 6.12E-01 2.61E-01 4.21E-01 3.80E-01 7.04E-01 1.66E-01 1.32E-01 7.95E-01 
pHT 3.32E-01 2.66E-01 -5.67E-01 4.58E-02 1.86E-01 4.81E-01 2.08E-01 5.34E-01 1.14E+00 9.27E-05 -4.48E-01 1.54E-01 -6.95E-01 2.78E-02 
(Intercept)13 2.10E+00 6.99E-02 4.67E+00 2.40E-05 9.63E-01 3.48E-01 -6.26E-03 9.96E-01 -6.50E-01 5.67E-01 3.94E+00 1.34E-03 3.94E+00 1.02E-03 
I(pH^2) 2.57E-02 1.69E-01 -4.32E-02 1.59E-02 1.06E-02 5.24E-01 1.84E-02 3.92E-01 6.89E-02 1.71E-04 -4.00E-02 4.49E-02 -4.58E-02 1.92E-02 
(Intercept)14 5.27E-01 8.16E-01 7.30E+00 7.44E-04 3.52E-01 8.61E-01 -1.04E+00 6.91E-01 -4.71E+00 3.50E-02 6.36E+00 8.17E-03 6.71E+00 4.37E-03 
pH 4.02E-01 1.64E-01 -6.77E-01 1.46E-02 1.61E-01 5.30E-01 2.76E-01 4.07E-01 1.06E+00 1.96E-04 -6.24E-01 4.25E-02 -7.13E-01 1.81E-02 







ClutchesCemented ClutchesFree ClutchesVegetation ClutchesTerrestrial Isolatedeggscemented IsolatedeggsFree Oviviparity 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
(Intercept)15 3.60E+00 4.64E-94 1.76E+00 3.04E-29 1.67E+00 1.75E-27 9.07E-01 5.23E-06 3.65E+00 2.25E-93 1.32E+00 1.88E-13 1.10E+00 7.77E-10 
I(DOT^2) 2.38E-02 4.01E-01 4.67E-02 6.11E-02 -2.06E-02 4.22E-01 5.76E-02 6.27E-02 6.63E-03 8.19E-01 2.96E-02 3.02E-01 8.59E-04 9.77E-01 
DOT 6.07E-02 5.41E-01 -1.22E-01 1.67E-01 2.44E-02 7.83E-01 1.36E-01 2.12E-01 2.01E-01 4.68E-02 -1.60E-01 1.17E-01 -2.30E-01 3.06E-02 
(Intercept)17 3.49E+00 1.71E-18 3.01E+00 1.91E-16 1.45E+00 3.77E-05 8.89E-01 5.16E-02 2.84E+00 2.11E-12 2.41E+00 4.17E-09 2.15E+00 9.26E-08 
I(DO^2) 3.33E-03 5.90E-01 -1.76E-02 2.33E-03 2.74E-03 6.16E-01 4.03E-03 5.68E-01 1.40E-02 2.63E-02 -1.63E-02 1.24E-02 -1.75E-02 6.55E-03 
(Intercept)16 3.43E+00 8.14E-08 3.76E+00 3.73E-11 1.21E+00 3.30E-02 9.15E-01 2.13E-01 2.25E+00 5.39E-04 3.13E+00 9.95E-07 2.84E+00 6.17E-06 
DO 3.47E-02 6.75E-01 -2.43E-01 1.05E-03 5.30E-02 4.71E-01 2.91E-02 7.60E-01 1.89E-01 2.49E-02 -2.27E-01 6.60E-03 -2.32E-01 5.02E-03 
               (Intercept)18 3.77E+00 4.24E-121 2.26E+00 4.93E-37 1.75E+00 1.39E-26 1.05E+00 2.16E-06 3.80E+00 2.20E-113 1.58E+00 2.83E-19 1.37E+00 2.25E-11 
I(ChlorophyllT^2) -2.01E-03 1.08E-01 -8.01E-03 5.04E-02 -7.22E-03 1.42E-01 -1.51E-03 8.32E-01 -2.00E-03 1.65E-01 -9.87E-04 4.76E-01 -1.02E-02 2.30E-01 
ChlorophyllT 5.11E-02 3.84E-01 1.31E-01 9.77E-02 6.08E-02 4.04E-01 -9.76E-02 3.25E-01 2.51E-02 6.85E-01 2.17E-02 7.36E-01 8.91E-02 3.26E-01 
(Intercept)19 3.72E+00 7.25E-135 2.13E+00 1.18E-46 1.67E+00 8.30E-36 1.23E+00 1.59E-11 3.77E+00 4.21E-130 1.56E+00 1.38E-21 1.26E+00 1.29E-14 
I(Chlorophyll^2) -6.84E-04 7.67E-02 -1.28E-03 1.35E-01 -2.13E-03 1.85E-01 -6.50E-03 2.75E-01 -1.08E-03 1.94E-02 -5.12E-04 2.86E-01 -2.29E-03 2.68E-01 
(Intercept)20 3.72E+00 7.75E-108 2.13E+00 2.68E-37 1.76E+00 7.32E-30 1.44E+00 4.15E-09 3.83E+00 2.75E-107 1.63E+00 1.19E-18 1.34E+00 9.79E-13 
Chlorophyll -7.95E-03 6.98E-01 -1.15E-02 5.78E-01 -4.53E-02 7.89E-02 -1.11E-01 8.47E-02 -3.12E-02 1.48E-01 -2.63E-02 2.91E-01 -3.94E-02 1.80E-01 
               (Intercept)21 3.78E+00 1.50E-113 2.61E+00 6.44E-28 1.66E+00 5.33E-29 6.88E-01 6.44E-04 3.78E+00 2.24E-107 1.45E+00 4.18E-15 1.33E+00 1.17E-13 
I(TurbidityT^2) -4.08E-03 6.69E-02 -6.96E-02 1.06E-03 -2.11E-03 3.14E-01 4.75E-03 1.47E-01 -4.03E-03 9.34E-02 6.53E-05 9.81E-01 -4.81E-03 7.68E-02 
TurbidityT 1.63E-02 7.49E-01 -1.11E-02 8.34E-01 1.37E-03 9.76E-01 -2.33E-01 2.64E-04 -1.26E-02 8.11E-01 -8.87E-02 1.22E-01 6.17E-02 2.61E-01 
(Intercept)22 3.78E+00 1.41E-136 2.31E+00 2.34E-47 1.67E+00 2.24E-35 
  
3.82E+00 3.48E-133 1.61E+00 1.54E-22 1.27E+00 1.30E-14 
I(Turbidity^2) -2.61E-03 1.74E-03 -1.25E-02 7.48E-03 -1.54E-03 6.69E-02 
  
-3.42E-03 3.52E-04 -2.63E-03 4.31E-02 -1.77E-03 1.04E-01 
(Intercept)23 3.89E+00 1.11E-104 2.48E+00 1.41E-41 1.75E+00 2.38E-28 1.61E+00 4.34E-13 4.04E+00 6.80E-107 1.82E+00 3.02E-20 1.33E+00 7.45E-12 
Turbidity -5.23E-02 3.22E-02 -1.18E-01 4.75E-04 -3.66E-02 1.13E-01 -1.91E-01 8.23E-04 -8.84E-02 6.48E-04 -8.75E-02 9.54E-03 -3.19E-02 2.52E-01 
               (Intercept)24 3.41E+00 4.22E-111 2.00E+00 2.22E-39 1.63E+00 6.62E-31 1.03E+00 1.75E-08 3.56E+00 3.96E-112 1.51E+00 2.22E-18 1.13E+00 6.30E-12 
I(CODT^2) 5.85E-04 5.03E-03 8.48E-05 6.79E-01 -1.03E-04 6.25E-01 2.36E-04 3.50E-01 1.67E-04 4.57E-01 6.05E-05 7.95E-01 3.02E-05 8.90E-01 
CODT -5.54E-02 2.05E-04 1.18E-02 4.24E-01 -3.50E-03 8.00E-01 -2.71E-02 1.31E-01 -4.05E-02 8.85E-03 6.21E-03 7.11E-01 1.62E-02 3.11E-01 
(Intercept)25 3.71E+00 8.78E-123 1.93E+00 8.29E-38 1.66E+00 5.28E-33 1.18E+00 5.42E-11 
  
1.47E+00 5.22E-18 1.05E+00 1.64E-10 
I(COD^2) -4.01E-05 6.63E-01 1.67E-04 4.88E-02 -1.03E-04 2.69E-01 -1.11E-04 3.67E-01 
  
9.96E-05 2.98E-01 1.83E-04 3.99E-02 
(Intercept)26 3.72E+00 3.62E-67 1.74E+00 1.84E-17 1.74E+00 8.67E-20 1.37E+00 4.81E-08 4.18E+00 3.67E-81 1.37E+00 3.53E-09 8.44E-01 1.41E-04 
COD -3.12E-03 7.37E-01 1.68E-02 4.98E-02 -7.87E-03 3.51E-01 -1.63E-02 1.64E-01 -3.39E-02 6.25E-04 9.48E-03 3.30E-01 1.78E-02 5.12E-02 
               (Intercept)30 3.49E+00 7.08E-90 1.72E+00 1.89E-23 1.59E+00 2.31E-24 1.10E+00 5.18E-08 3.79E+00 1.24E-95 1.33E+00 4.42E-12 1.05E+00 4.13E-08 
I(Nitrate.NT^2) 1.31E+00 1.18E-01 2.43E+00 2.98E-03 1.82E-01 8.09E-01 2.81E-01 7.70E-01 -6.74E-01 4.44E-01 1.42E+00 1.23E-01 1.10E+00 2.33E-01 
Nitrate.NT -1.98E+00 2.57E-02 -3.14E+00 3.93E-04 -2.50E-01 7.55E-01 -1.10E-02 9.91E-01 3.60E-01 7.00E-01 -2.02E+00 4.15E-02 -1.61E+00 1.03E-01 
(Intercept)31 3.75E+00 1.93E-116 2.12E+00 2.31E-39 1.62E+00 3.59E-29 1.09E+00 6.33E-09 3.78E+00 9.25E-110 1.60E+00 2.22E-19 1.24E+00 2.30E-12 
I(Nitrate.N^2) -2.53E-01 3.05E-01 -1.54E-01 5.34E-01 -3.25E-02 8.82E-01 1.49E-01 5.88E-01 -2.09E-01 4.14E-01 -2.57E-01 3.58E-01 -1.21E-01 6.55E-01 
(Intercept)32 3.93E+00 7.98E-64 2.29E+00 5.96E-23 1.65E+00 2.10E-15 1.03E+00 1.14E-04 3.83E+00 1.16E-55 1.78E+00 3.61E-12 1.36E+00 8.79E-08 
Nitrate.N -6.61E-01 1.37E-01 -5.39E-01 2.29E-01 -8.39E-02 8.32E-01 2.41E-01 6.33E-01 -2.59E-01 5.77E-01 -6.57E-01 1.92E-01 -4.00E-01 4.18E-01 
               (Intercept)33 3.58E+00 3.15E-116 2.00E+00 2.84E-37 1.61E+00 1.30E-30 9.65E-01 1.65E-07 3.75E+00 2.46E-115 1.25E+00 2.37E-13 1.24E+00 4.05E-13 
I(ClT^2) 1.12E-03 2.74E-01 1.10E-03 2.94E-01 -5.14E-06 9.96E-01 1.80E-03 1.64E-01 -6.68E-04 5.38E-01 3.07E-03 6.79E-03 -7.60E-04 5.24E-01 







ClutchesCemented ClutchesFree ClutchesVegetation ClutchesTerrestrial Isolatedeggscemented IsolatedeggsFree Oviviparity 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
(Intercept)34 3.72E+00 1.19E-132 2.11E+00 8.83E-45 1.61E+00 7.26E-33 1.16E+00 2.28E-11 3.76E+00 1.57E-125 1.55E+00 1.05E-20 1.23E+00 5.92E-14 
I(Cl^2) -6.15E-04 1.52E-01 -4.34E-04 3.31E-01 5.58E-05 8.78E-01 -5.83E-04 3.33E-01 -5.45E-04 2.17E-01 -1.37E-04 7.68E-01 -4.10E-04 4.27E-01 
(Intercept)35 3.86E+00 9.28E-103 2.22E+00 4.21E-35 1.60E+00 1.14E-23 1.33E+00 6.76E-10 3.84E+00 4.09E-93 1.64E+00 1.04E-16 1.27E+00 7.99E-11 
Cl -4.12E-02 4.75E-02 -3.08E-02 1.55E-01 2.62E-03 8.84E-01 -4.87E-02 1.08E-01 -2.35E-02 2.71E-01 -2.36E-02 3.19E-01 -1.41E-02 5.40E-01 
               (Intercept)36 3.68E+00 1.23E-132 2.09E+00 5.04E-45 1.62E+00 5.26E-35 1.15E+00 4.77E-02 3.72E+00 3.66E-126 1.55E+00 1.52E-21 1.21E+00 6.19E-14 
I(TotalPT^2) 4.92E+00 7.14E-01 -2.99E+00 8.24E-01 -1.63E+01 2.72E-01 -1.85E+02 9.96E-01 4.40E+00 7.52E-01 -1.55E+01 3.63E-01 -5.18E+00 7.32E-01 
TotalPT NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
(Intercept)37 3.39E+00 3.82E-05 2.27E+00 6.00E-03 2.59E+00 3.94E-03 1.21E+01 9.95E-01 3.46E+00 5.07E-05 2.47E+00 1.73E-02 1.52E+00 1.01E-01 
I(TotalP^2) 1.16E+00 7.14E-01 -7.07E-01 8.24E-01 -3.85E+00 2.72E-01 -4.37E+01 9.96E-01 1.04E+00 7.52E-01 -3.67E+00 3.63E-01 -1.22E+00 7.32E-01 
(Intercept)38 2.91E+00 1.68E-01 2.56E+00 2.28E-01 4.16E+00 7.36E-02 3.00E+01 9.96E-01 3.03E+00 1.67E-01 3.98E+00 1.39E-01 2.02E+00 3.97E-01 
TotalP 1.54E+00 7.14E-01 -9.33E-01 8.24E-01 -5.08E+00 2.72E-01 -5.77E+01 9.96E-01 1.37E+00 7.52E-01 -4.85E+00 3.63E-01 -1.62E+00 7.32E-01 
               (Intercept)39 3.69E+00 5.72E-103 2.20E+00 2.44E-43 1.53E+00 5.60E-24 1.27E+00 4.88E-10 3.61E+00 5.79E-92 1.51E+00 6.96E-17 1.15E+00 2.23E-11 
I(Ammonium.NT^2) -5.04E-01 6.28E-01 -2.75E+00 5.89E-03 8.86E-01 3.03E-01 -1.83E+00 2.23E-01 1.03E+00 3.19E-01 -3.06E-01 7.68E-01 -5.45E-01 5.70E-01 
Ammonium.NT -6.84E-01 6.01E-01 3.66E+00 2.39E-03 -5.87E-01 6.04E-01 1.54E+00 3.41E-01 -1.69E+00 2.09E-01 1.28E+00 3.40E-01 1.94E+00 1.22E-01 
(Intercept)40 3.75E+00 1.07E-135 2.03E+00 3.31E-41 1.57E+00 1.33E-31 1.16E+00 3.56E-11 3.76E+00 2.52E-125 1.42E+00 3.87E-18 1.06E+00 2.07E-11 
I(Ammonium.N^2) -8.82E-01 1.21E-02 4.36E-01 1.62E-01 2.94E-01 2.82E-01 -2.61E-01 5.13E-01 -4.68E-01 1.70E-01 6.97E-01 3.44E-02 6.40E-01 3.87E-02 
(Intercept)41 3.82E+00 1.42E-119 1.85E+00 1.57E-30 1.56E+00 1.57E-26 1.15E+00 1.75E-09 3.82E+00 4.03E-110 1.35E+00 2.63E-14 9.28E-01 4.48E-08 
Ammonium.N -1.14E+00 2.65E-02 1.31E+00 5.83E-03 3.35E-01 4.41E-01 -8.46E-02 8.85E-01 -7.65E-01 1.47E-01 9.76E-01 5.96E-02 1.23E+00 1.05E-02 
               (Intercept)42 3.41E+00 7.01E-103 1.96E+00 4.47E-34 1.45E+00 2.47E-24 1.16E+00 1.03E-09 1.16E+00 1.03E-09 1.37E+00 2.57E-14 1.14E+00 2.43E-11 
I(AveStreamWidthT^2) 5.04E-04 1.89E-02 2.71E-04 2.09E-01 2.36E-04 2.55E-01 -1.46E-04 6.08E-01 
  
4.13E-04 8.41E-02 2.80E-06 9.90E-01 
AveStreamWidthT -4.60E-02 5.99E-04 -9.53E-03 4.84E-01 -3.52E-02 3.63E-03 -5.21E-03 7.47E-01 
  
-2.59E-02 8.67E-02 1.67E-02 2.47E-01 
(Intercept)43 3.72E+00 1.65E-121 1.99E+00 8.89E-38 1.71E+00 6.23E-35 1.21E+00 3.34E-11 3.87E+00 3.76E-128 1.52E+00 1.63E-18 1.04E+00 4.10E-10 
I(AveStreamWidth^2) -6.95E-05 4.41E-01 1.04E-04 2.22E-01 -2.37E-04 3.72E-02 -1.48E-04 2.25E-01 -4.33E-04 5.16E-04 2.87E-05 7.67E-01 1.77E-04 4.46E-02 
(Intercept)44 3.88E+00 6.80E-81 1.91E+00 3.06E-21 1.97E+00 2.55E-27 1.31E+00 3.54E-08 4.25E+00 3.89E-90 1.57E+00 3.26E-12 8.52E-01 7.50E-05 
AveStreamWidth -1.36E-02 9.81E-02 8.81E-03 2.72E-01 -2.56E-02 2.93E-03 -1.12E-02 2.65E-01 -3.54E-02 6.87E-05 -1.73E-03 8.49E-01 1.69E-02 4.16E-02 
               (Intercept)45 3.59E+00 8.33E-73 1.94E+00 1.58E-23 1.37E+00 1.20E-15 1.30E+00 1.54E-08 3.65E+00 2.81E-71 1.36E+00 8.81E-10 1.13E+00 8.16E-08 
I(MeanDepthT^2) 6.65E-01 7.65E-01 1.22E+00 5.73E-01 2.62E+00 1.65E-01 -3.18E+00 2.31E-01 -8.63E-02 9.70E-01 2.77E+00 2.58E-01 2.58E-02 9.91E-01 
MeanDepthT -1.65E+00 1.91E-02 1.20E+00 8.16E-02 -1.99E+00 7.39E-04 -2.86E-02 9.72E-01 -1.71E+00 1.81E-02 -4.24E-01 5.85E-01 1.53E+00 4.42E-02 
(Intercept)46 3.94E+00 2.53E-85 1.67E+00 2.27E-17 1.87E+00 4.83E-27 1.31E+00 1.76E-08 4.04E+00 9.35E-85 1.47E+00 6.58E-11 7.85E-01 2.73E-04 
I(MeanDepth^2) -1.20E+00 2.80E-02 1.34E+00 1.05E-02 -1.23E+00 1.35E-02 -7.77E-01 2.31E-01 -1.51E+00 7.16E-03 2.87E-01 6.33E-01 1.35E+00 1.53E-02 
(Intercept)47 4.28E+00 8.55E-47 1.40E+00 1.79E-06 2.22E+00 3.06E-18 1.44E+00 3.68E-05 4.41E+00 7.50E-47 1.45E+00 1.35E-05 4.48E-01 1.63E-01 
MeanDepth -1.48E+00 1.23E-02 1.39E+00 1.52E-02 -1.54E+00 3.27E-03 -7.07E-01 3.11E-01 -1.73E+00 4.55E-03 2.04E-01 7.56E-01 1.54E+00 1.27E-02 
               (Intercept)48 3.92E+00 1.68E-67 1.99E+00 4.17E-19 1.92E+00 2.20E-23 1.00E+00 4.38E-05 4.25E+00 4.55E-82 1.80E+00 4.28E-14 9.10E-01 2.96E-04 
factor(MainLandUse)2 -1.95E-01 5.60E-01 4.51E-01 1.66E-01 -5.29E-01 6.95E-02 6.13E-01 8.32E-02 -1.20E+00 2.59E-04 -1.87E-01 5.95E-01 4.40E-01 2.27E-01 
factor(MainLandUse)3 -1.02E+00 1.48E-02 -4.68E-01 2.59E-01 -6.92E-01 6.02E-02 -1.34E+00 1.08E-02 -1.33E+00 1.11E-03 -1.10E+00 1.70E-02 6.10E-01 1.72E-01 
factor(MainLandUse)4 -7.70E-01 2.19E-01 -6.53E-01 3.03E-01 -8.25E-01 1.45E-01 -5.33E-01 4.55E-01 -7.46E-01 2.24E-01 -1.46E+00 4.69E-02 4.53E-02 9.48E-01 
(Intercept)49 3.69E+00 2.37E-114 2.01E+00 3.27E-41 1.54E+00 1.11E-26 1.02E+00 3.36E-09 3.48E+00 2.89E-101 1.54E+00 4.80E-19 1.13E+00 7.89E-11 







ClutchesCemented ClutchesFree ClutchesVegetation ClutchesTerrestrial Isolatedeggscemented IsolatedeggsFree Oviviparity 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
as.ordered(Shading).Q 1.99E-01 6.41E-01 8.03E-01 3.82E-02 5.32E-01 1.62E-01 1.73E-01 7.04E-01 3.96E-01 3.56E-01 6.09E-01 1.73E-01 3.14E-01 4.87E-01 
as.ordered(Shading).C 8.45E-01 2.83E-02 3.23E-01 3.65E-01 1.32E-01 6.99E-01 1.35E+00 8.99E-04 -5.18E-02 8.94E-01 7.08E-01 8.69E-02 4.14E-01 3.17E-01 
as.ordered(Shading)^4 5.63E-01 1.24E-01 1.00E+00 3.47E-03 -2.85E-01 3.80E-01 -5.73E-01 1.41E-01 7.88E-01 3.18E-02 8.33E-01 3.60E-02 5.07E-01 2.00E-01 
as.ordered(Shading)^5 -1.11E-01 7.70E-01 -7.30E-01 3.75E-02 -7.20E-02 8.34E-01 -5.62E-01 1.78E-01 4.94E-01 1.94E-01 -1.44E-01 7.23E-01 -5.03E-01 2.14E-01 
(Intercept)50 3.73E+00 6.10E-90 1.95E+00 1.62E-27 1.57E+00 3.93E-22 1.30E+00 6.48E-10 3.95E+00 3.80E-97 1.44E+00 1.11E-12 1.13E+00 1.13E-08 
factor(MainMac)1 -1.25E+00 7.17E-02 -1.39E+00 5.88E-02 -1.35E+00 5.75E-02 -1.07E+00 2.08E-01 -1.46E+00 3.80E-02 -1.03E+00 2.03E-01 -9.08E-01 2.60E-01 
factor(MainMac)2 -1.33E+00 1.66E-01 -1.26E+00 2.12E-01 -1.86E-01 8.25E-01 -1.99E-01 8.55E-01 -1.70E+00 8.48E-02 -3.41E-01 7.46E-01 -1.82E+00 1.81E-01 
factor(MainMac)3 4.32E-02 8.94E-01 5.12E-01 1.00E-01 2.46E-01 3.83E-01 -4.68E-01 2.15E-01 -6.26E-01 5.97E-02 3.99E-01 2.55E-01 3.54E-01 3.01E-01 
(Intercept)51 2.90E+00 2.14E-12 2.08E+00 3.53E-07 1.25E+00 1.02E-03 9.16E-01 5.91E-02 2.62E+00 1.26E-09 9.16E-01 5.15E-02 8.75E-01 5.39E-02 
factor(Valleyform)4 1.42E+00 1.07E-02 -7.80E-01 1.67E-01 4.37E-01 3.90E-01 6.06E-01 3.48E-01 1.06E+00 6.75E-02 2.88E-01 6.48E-01 -1.82E-01 7.69E-01 
factor(Valleyform)5 7.34E-01 1.22E-01 7.01E-02 8.81E-01 3.37E-01 4.39E-01 2.75E-01 6.21E-01 1.35E+00 6.23E-03 6.33E-01 2.37E-01 2.12E-01 6.83E-01 
factor(Valleyform)6 6.55E-01 1.75E-01 1.66E-01 7.28E-01 4.62E-01 2.96E-01 -7.43E-03 9.90E-01 1.06E+00 3.45E-02 8.82E-01 1.04E-01 6.73E-01 2.00E-01 
(Intercept)52 4.15E+00 6.91E-11 2.23E-01 7.67E-01 1.79E+00 2.02E-03 -6.93E-01 4.70E-01 3.30E+00 5.99E-07 6.93E-01 3.59E-01 -6.93E-01 4.59E-01 
factor(Channelform)2 4.80E-01 7.36E-01 2.91E+00 4.35E-02 -4.05E-01 7.60E-01 1.39E+00 4.31E-01 1.43E+00 3.29E-01 2.44E+00 1.15E-01 3.09E+00 4.94E-02 
factor(Channelform)3 -1.94E-01 8.60E-01 2.22E+00 5.58E-02 -1.82E-01 8.57E-01 1.10E+00 4.48E-01 8.31E-01 4.66E-01 2.23E-01 8.63E-01 1.95E+00 1.44E-01 
factor(Channelform)4 -3.40E-01 6.16E-01 1.81E+00 2.20E-02 -1.12E-01 8.57E-01 1.55E+00 1.18E-01 7.52E-01 2.84E-01 8.54E-01 2.85E-01 1.61E+00 9.69E-02 
factor(Channelform)5 -6.16E-01 3.57E-01 1.97E+00 1.14E-02 -2.28E-01 7.08E-01 2.15E+00 2.93E-02 1.47E-01 8.32E-01 8.54E-01 2.78E-01 1.96E+00 4.11E-02 
factor(Channelform)6 -3.64E+00 6.48E-04 6.24E-01 5.69E-01 -4.05E-01 6.53E-01 -1.76E+01 9.96E-01 -2.20E+00 3.75E-02 4.05E-01 7.20E-01 3.00E+00 1.17E-02 
(Intercept)53 3.76E+00 1.29E-57 2.02E+00 2.23E-18 1.63E+00 7.01E-15 9.68E-01 8.70E-04 3.84E+00 2.84E-57 1.72E+00 2.73E-12 1.04E+00 2.20E-05 
as.ordered(VarInWidth).L 4.87E-01 4.37E-01 8.93E-02 8.84E-01 -7.85E-02 8.89E-01 -4.22E-01 5.99E-01 3.69E-01 5.66E-01 8.62E-01 1.85E-01 1.97E-01 7.56E-01 
as.ordered(VarInWidth).Q 1.27E-01 8.25E-01 5.18E-01 3.58E-01 -2.61E-01 6.10E-01 -7.76E-01 2.83E-01 -6.04E-02 9.18E-01 2.89E-01 6.28E-01 1.03E+00 8.10E-02 
as.ordered(VarInWidth).C -4.99E-01 2.77E-01 1.29E-01 7.77E-01 1.45E-01 7.24E-01 -8.82E-01 1.10E-01 2.80E-01 5.52E-01 -1.62E-01 7.40E-01 -2.32E-02 9.62E-01 
as.ordered(VarInWidth)^4 -2.26E-02 9.56E-01 3.74E-01 3.63E-01 1.42E-01 6.98E-01 -6.64E-02 8.88E-01 -5.28E-01 2.14E-01 6.29E-01 1.50E-01 -2.00E-02 9.65E-01 
(Intercept)54 3.57E+00 8.08E-59 2.29E+00 3.98E-28 1.55E+00 6.24E-16 6.29E-01 1.42E-02 3.69E+00 1.16E-59 1.33E+00 2.92E-08 1.30E+00 1.53E-08 
as.ordered(Erosion).L -2.46E-01 5.43E-01 7.54E-01 4.67E-02 1.06E-01 7.58E-01 -5.24E-01 2.51E-01 1.68E-01 6.86E-01 -2.30E-01 5.98E-01 4.44E-01 2.85E-01 
as.ordered(Erosion).Q -1.13E-02 9.75E-01 5.16E-01 1.32E-01 5.49E-01 8.38E-02 8.50E-01 4.92E-02 5.30E-01 1.51E-01 4.23E-01 2.83E-01 5.02E-01 1.88E-01 
(Intercept)55 3.53E+00 2.18E-29 2.97E+00 1.22E-29 1.48E+00 7.17E-08 7.47E-01 3.76E-02 3.26E+00 6.94E-24 1.61E+00 2.28E-06 1.88E+00 4.61E-11 
factor(ProfileBankDominant)2 2.95E-01 4.70E-01 -1.41E+00 5.47E-05 8.31E-02 8.16E-01 8.23E-01 7.14E-02 6.29E-01 1.34E-01 1.53E-02 9.72E-01 -1.23E+00 1.67E-03 
factor(ProfileBankDominant)3 3.12E-02 9.38E-01 -1.48E+00 1.86E-05 2.50E-02 9.43E-01 1.83E-01 6.89E-01 5.80E-01 1.61E-01 -2.23E-01 6.11E-01 -1.28E+00 8.79E-04 
factor(ProfileBankDominant)4 4.08E-01 4.70E-01 -1.18E+00 1.60E-02 7.32E-01 1.27E-01 -1.19E-01 8.56E-01 2.95E-01 6.12E-01 1.19E-16 1.00E+00 -8.86E-02 8.64E-01 
(Intercept)56 3.75E+00 7.97E-97 1.83E+00 2.94E-22 1.56E+00 7.72E-22 1.18E+00 3.57E-09 3.62E+00 1.00E-83 1.36E+00 1.06E-11 9.14E-01 1.76E-05 
as.ordered(VariationInFlow).L 6.79E-01 4.23E-02 1.57E-01 6.53E-01 -2.75E-01 3.61E-01 8.07E-01 2.84E-02 -2.50E-01 4.73E-01 -1.61E-01 6.58E-01 1.65E-01 6.71E-01 
as.ordered(VariationInFlow).Q 2.75E-01 4.32E-01 5.04E-01 1.63E-01 3.20E-01 3.13E-01 2.64E-01 4.97E-01 5.85E-01 1.08E-01 8.43E-01 3.36E-02 5.14E-01 2.00E-01 
as.ordered(VariationInFlow).C 4.50E-01 3.34E-01 -4.94E-01 3.18E-01 7.51E-01 7.44E-02 4.46E-01 3.87E-01 1.30E+00 7.53E-03 5.43E-01 2.86E-01 -6.93E-01 2.23E-01 
as.ordered(VariationInFlow)^4 -3.49E-01 4.27E-01 6.29E-01 1.72E-01 -1.39E-01 7.29E-01 -1.91E-01 6.98E-01 -1.80E-01 6.94E-01 -7.47E-01 1.37E-01 5.98E-01 2.50E-01 
(Intercept)57 3.56E+00 1.76E-86 2.23E+00 1.58E-37 1.45E+00 2.12E-19 9.27E-01 1.46E-05 3.35E+00 3.07E-74 1.58E+00 6.06E-16 1.30E+00 1.19E-11 
as.ordered(SludgeLayer).L -5.03E-01 1.68E-01 7.17E-01 4.01E-02 -4.69E-02 8.79E-01 -3.98E-01 3.45E-01 -8.13E-01 2.77E-02 3.84E-01 3.25E-01 4.14E-01 2.82E-01 
as.ordered(SludgeLayer).Q -7.09E-01 4.99E-02 1.74E-01 6.19E-01 8.08E-01 1.23E-02 3.63E-01 3.96E-01 -7.75E-02 8.33E-01 2.01E-01 6.08E-01 -1.81E-01 6.35E-01 
as.ordered(SludgeLayer).C -2.60E-01 4.68E-01 1.99E-02 9.54E-01 6.92E-01 3.95E-02 5.50E-01 2.06E-01 7.83E-01 3.19E-02 4.02E-01 3.06E-01 9.67E-02 7.99E-01 







ClutchesCemented ClutchesFree ClutchesVegetation ClutchesTerrestrial Isolatedeggscemented IsolatedeggsFree Oviviparity 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
as.ordered(Twigs).L 4.59E-01 2.53E-01 2.98E-01 4.51E-01 6.29E-01 6.05E-02 -3.34E-01 4.86E-01 1.67E-01 6.86E-01 7.20E-01 8.65E-02 4.18E-01 3.17E-01 
as.ordered(Twigs).Q -3.79E-02 9.09E-01 3.19E-01 3.31E-01 2.08E-02 9.40E-01 -1.88E-01 6.27E-01 -4.78E-01 1.58E-01 1.52E-01 6.63E-01 4.35E-01 2.17E-01 
(Intercept)59 3.74E+00 2.73E-95 2.17E+00 5.10E-34 1.71E+00 4.75E-28 1.11E+00 3.33E-08 3.61E+00 4.88E-85 1.62E+00 2.25E-17 1.29E+00 1.45E-11 
as.ordered(Branch).L 3.82E-01 2.75E-01 2.67E-01 4.39E-01 4.75E-01 1.14E-01 -1.84E-01 6.35E-01 8.90E-02 8.04E-01 6.10E-01 1.01E-01 2.36E-01 5.22E-01 
as.ordered(Branch).Q -1.04E-01 6.99E-01 1.78E-01 5.03E-01 5.93E-02 7.99E-01 5.46E-01 7.31E-02 -5.01E-01 6.93E-02 -4.62E-02 8.72E-01 3.15E-01 2.73E-01 
(Intercept)60 3.78E+00 7.59E-83 2.18E+00 1.42E-30 1.75E+00 5.64E-26 9.88E-01 2.16E-05 3.65E+00 1.22E-71 1.71E+00 2.16E-16 1.32E+00 7.00E-11 
as.ordered(Logs).L 4.23E-01 2.72E-01 2.01E-01 5.88E-01 3.79E-01 2.42E-01 -3.52E-01 4.45E-01 -3.06E-01 4.44E-01 5.69E-01 1.62E-01 3.09E-01 4.35E-01 
as.ordered(Logs).Q -2.16E-02 9.40E-01 5.52E-01 4.75E-02 4.79E-01 5.11E-02 -2.95E-01 3.80E-01 1.43E-01 6.30E-01 3.27E-01 2.84E-01 5.54E-01 6.57E-02 
(Intercept)61 3.60E+00 2.05E-138 1.93E+00 9.37E-43 1.59E+00 4.90E-34 1.08E+00 1.63E-10 3.57E+00 1.65E-138 1.41E+00 1.50E-19 1.15E+00 7.41E-13 
as.ordered(MineralSubstrate).L -3.26E-01 3.08E-01 6.91E-01 2.66E-02 -1.50E-01 6.04E-01 -6.48E-01 8.36E-02 -1.01E+00 1.54E-03 -8.16E-04 9.98E-01 2.29E-01 5.23E-01 
as.ordered(MineralSubstrate).Q 8.92E-01 4.61E-03 6.12E-01 4.55E-02 3.49E-01 2.21E-01 2.15E-01 5.60E-01 8.78E-01 4.98E-03 1.01E+00 2.92E-03 8.76E-02 8.03E-01 
as.ordered(MineralSubstrate).C -3.44E-01 2.99E-01 -1.83E-01 5.79E-01 -1.98E-01 5.15E-01 4.41E-01 2.64E-01 -4.36E-02 8.95E-01 2.43E-01 5.05E-01 3.56E-01 3.40E-01 
as.ordered(MineralSubstrate)^4 1.22E-01 7.02E-01 4.78E-01 1.26E-01 2.53E-01 3.84E-01 1.84E-01 6.23E-01 -2.42E-01 4.43E-01 1.51E-01 6.68E-01 2.49E-01 4.83E-01 
(Intercept)62 4.16E+00 1.52E-56 1.99E+00 1.38E-13 1.84E+00 1.33E-14 9.52E-01 3.42E-03 4.46E+00 5.83E-64 2.03E+00 7.98E-13 1.13E+00 8.86E-05 
factor(BankShapeDominant)2 -1.32E+00 1.58E-03 3.64E-01 3.85E-01 -5.81E-01 1.33E-01 5.35E-02 9.16E-01 -1.62E+00 1.09E-04 -2.46E-01 5.82E-01 2.24E-01 6.17E-01 
factor(BankShapeDominant)3 -1.04E+00 4.22E-03 -5.00E-01 1.81E-01 -1.95E-01 5.55E-01 2.72E-01 5.38E-01 -1.47E+00 5.24E-05 -1.24E+00 2.19E-03 -5.63E-01 1.66E-01 
factor(BankShapeDominant)4 -3.86E-01 3.32E-01 5.38E-01 1.82E-01 -5.18E-01 1.63E-01 4.04E-01 4.04E-01 -9.10E-01 2.35E-02 -7.66E-01 8.11E-02 6.13E-01 1.50E-01 
factor(BankShapeDominant)5 1.22E+00 3.31E-01 -1.30E+00 3.62E-01 9.29E-01 4.01E-01 -1.83E+01 9.96E-01 -1.99E-01 8.75E-01 -9.28E-01 5.16E-01 -1.84E+01 9.96E-01 
(Intercept)63 3.76E+00 6.24E-60 2.13E+00 5.15E-23 1.69E+00 2.65E-17 1.01E+00 1.97E-04 3.77E+00 3.11E-57 1.57E+00 3.52E-11 1.49E+00 2.26E-11 
as.ordered(BankSlopeDominant).L 9.48E-02 8.85E-01 -4.24E-01 4.89E-01 3.84E-01 4.97E-01 1.57E-01 8.41E-01 4.89E-01 4.68E-01 1.16E+00 8.23E-02 5.40E-01 3.88E-01 
as.ordered(BankSlopeDominant).Q 7.54E-01 1.85E-01 1.03E+00 5.19E-02 2.87E-01 5.60E-01 -7.82E-01 2.48E-01 4.04E-01 4.89E-01 2.63E-01 6.51E-01 1.18E+00 3.06E-02 
as.ordered(BankSlopeDominant).C 6.15E-01 1.73E-01 1.29E-01 7.63E-01 4.16E-02 9.16E-01 -7.69E-01 1.36E-01 1.65E-01 7.22E-01 4.82E-01 3.04E-01 -2.20E-01 6.15E-01 
as.ordered(BankSlopeDominant)^4 2.06E-01 5.20E-01 2.13E-01 4.85E-01 3.49E-01 2.14E-01 -3.37E-01 3.42E-01 6.75E-01 3.95E-02 6.72E-01 4.40E-02 -3.19E-01 3.22E-01 
(Intercept)64 -3.31E-02 1.00E+00 -1.10E+00 9.98E-01 1.27E+00 4.90E-06 -2.01E+00 9.97E-01 2.95E+00 2.42E-22 -1.51E+00 9.98E-01 -1.87E+00 9.97E-01 
as.ordered(BedCompaction).L 1.34E+01 9.95E-01 1.17E+01 9.95E-01 1.34E+00 1.40E-01 1.15E+01 9.96E-01 2.72E+00 6.59E-03 1.12E+01 9.96E-01 1.12E+01 9.96E-01 
as.ordered(BedCompaction).Q -1.08E+01 9.95E-01 -1.05E+01 9.96E-01 -6.91E-01 4.05E-01 -9.84E+00 9.96E-01 -1.86E+00 4.14E-02 -1.03E+01 9.96E-01 -9.99E+00 9.96E-01 
as.ordered(BedCompaction).C 7.15E+00 9.96E-01 6.82E+00 9.96E-01 2.00E-01 7.60E-01 5.96E+00 9.96E-01 9.92E-01 1.65E-01 6.83E+00 9.96E-01 6.53E+00 9.96E-01 
as.ordered(BedCompaction)^4 -3.67E+00 9.96E-01 -4.58E+00 9.94E-01 -9.60E-02 8.42E-01 -4.05E+00 9.95E-01 -8.96E-02 8.64E-01 -4.60E+00 9.94E-01 -4.10E+00 9.95E-01 
as.ordered(BedCompaction)^5 3.65E-01 9.99E-01 1.28E+00 9.95E-01 -1.18E-01 7.38E-01 1.09E+00 9.96E-01 -1.21E+00 1.54E-03 1.23E+00 9.95E-01 1.53E+00 9.94E-01 
(Intercept)65 3.72E+00 9.91E-129 1.90E+00 4.86E-34 1.62E+00 1.78E-30 1.21E+00 4.46E-12 3.58E+00 2.36E-119 1.45E+00 8.24E-17 9.87E-01 9.41E-09 
as.ordered(SedimentMatrix).L -8.40E-01 9.46E-03 4.83E-01 1.40E-01 -1.63E-01 5.79E-01 -7.14E-01 5.24E-02 -8.67E-01 7.28E-03 1.42E-01 6.98E-01 4.35E-01 2.28E-01 
as.ordered(SedimentMatrix).Q -1.01E-02 9.77E-01 2.29E-01 5.19E-01 1.27E-01 6.92E-01 -3.48E-01 3.76E-01 3.39E-02 9.23E-01 -2.07E-02 9.58E-01 1.55E-01 6.95E-01 
as.ordered(SedimentMatrix).C 9.47E-03 9.77E-01 4.08E-01 2.21E-01 -1.69E-02 9.56E-01 -2.29E-01 5.44E-01 6.22E-01 6.05E-02 4.39E-01 2.39E-01 5.88E-01 1.03E-01 
as.ordered(SedimentMatrix)^4 4.83E-01 1.94E-01 -2.58E-01 4.94E-01 -3.62E-02 9.16E-01 2.47E-01 5.53E-01 -5.76E-01 1.23E-01 -2.15E-01 6.10E-01 -5.22E-01 2.13E-01 
(Intercept)66 3.57E+00 2.44E-104 2.16E+00 2.60E-41 1.63E+00 2.28E-27 1.04E+00 3.45E-07 3.48E+00 2.61E-96 1.53E+00 6.90E-17 1.24E+00 3.49E-11 
as.ordered(SedimentAngularity).L -1.20E+00 2.07E-03 -1.24E-01 7.41E-01 -1.74E-01 6.24E-01 -7.75E-02 8.73E-01 -7.94E-01 4.49E-02 1.32E-01 7.60E-01 -1.66E-01 7.07E-01 
as.ordered(SedimentAngularity).Q -1.93E-01 5.58E-01 9.06E-01 4.69E-03 2.18E-01 4.70E-01 -3.95E-01 3.31E-01 -3.87E-01 2.47E-01 4.25E-01 2.48E-01 1.76E-01 6.37E-01 
as.ordered(SedimentAngularity).C 2.45E-01 3.36E-01 5.25E-01 3.76E-02 3.95E-01 9.23E-02 1.16E-02 9.70E-01 7.02E-01 6.46E-03 6.19E-01 3.12E-02 2.20E-01 4.48E-01 
(Intercept)67 3.39E+00 4.66E-29 1.61E+00 1.06E-06 1.69E+00 1.08E-10 1.13E+00 6.31E-04 3.38E+00 7.52E-26 1.27E+00 2.14E-04 8.31E-01 2.09E-02 







ClutchesCemented ClutchesFree ClutchesVegetation ClutchesTerrestrial Isolatedeggscemented IsolatedeggsFree Oviviparity 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
as.ordered(RiffleClass).Q -5.46E-01 5.55E-01 -1.39E+00 1.72E-01 5.55E-01 4.82E-01 7.31E-01 4.63E-01 -9.77E-01 3.17E-01 5.80E-01 5.75E-01 -1.36E+00 2.19E-01 
as.ordered(RiffleClass).C 1.50E+00 2.64E-02 3.93E-01 5.96E-01 7.17E-02 9.02E-01 8.93E-01 2.27E-01 8.98E-01 2.12E-01 8.21E-01 2.81E-01 -1.64E-02 9.84E-01 
as.ordered(RiffleClass)^4 -3.18E-01 5.19E-01 -8.52E-01 1.04E-01 -2.78E-01 5.34E-01 4.59E-01 4.18E-01 -8.66E-01 1.05E-01 -8.64E-01 1.42E-01 -4.77E-01 4.08E-01 








Appendix Table 5.5.  Estimates and p-values of each size category. For all numeric variables, the model containing both the linear and 
quadratic terms are based on the mean-centered variables as described in the text. The final model is explained in the text. 
 
Size1 Size2 Size3 Size4 Size5 Size6 Size7 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
(Intercept) 9.31E-01 1.29E-02 2.71E+00 2.70E-58 3.56E+00 1.48E-90 3.59E+00 1.53E-102 2.63E+00 3.12E-52 9.82E-01 1.45E-05 -3.29E+00 3.45E-05 
I(ElevationT^2) -6.18E-06 2.40E-01 -7.63E-06 3.66E-04 -5.40E-06 1.56E-02 -2.40E-06 2.55E-01 8.06E-07 7.11E-01 1.22E-06 6.77E-01 8.41E-06 3.17E-01 
ElevationT 1.86E-03 5.19E-01 7.90E-03 1.45E-09 4.79E-03 3.89E-04 2.03E-03 1.12E-01 8.51E-04 5.19E-01 -2.27E-03 1.90E-01 -3.85E-03 4.95E-01 
(Intercept)2 8.04E-01 1.02E-02 2.19E+00 1.20E-37 3.24E+00 4.22E-93 3.44E+00 1.30E-129 2.55E+00 1.11E-68 1.19E+00 1.80E-10 -2.89E+00 8.53E-07 
I(Elevation^2) -1.60E-06 3.11E-01 5.98E-06 1.13E-14 2.33E-06 1.33E-03 6.50E-07 3.21E-01 1.49E-06 2.52E-02 -1.76E-06 8.59E-02 1.16E-06 5.79E-01 
(Intercept)1 7.50E-01 4.18E-02 1.57E+00 5.24E-18 2.92E+00 1.44E-59 3.35E+00 5.81E-91 2.47E+00 2.16E-47 1.32E+00 1.49E-09 -2.90E+00 1.95E-05 
Elevation -2.74E-04 8.38E-01 5.23E-03 2.05E-16 2.58E-03 5.89E-05 8.15E-04 1.71E-01 1.21E-03 4.61E-02 -1.68E-03 5.59E-02 6.75E-04 7.56E-01 
               (Intercept)3 8.44E-01 1.06E-02 2.40E+00 5.03E-47 3.25E+00 9.30E-91 3.36E+00 1.15E-105 2.58E+00 5.67E-58 1.20E+00 1.25E-08 -2.59E+00 2.66E-04 
I(VelocityT^2) -3.53E+00 1.06E-01 5.27E-01 6.04E-01 3.76E-01 7.02E-01 1.40E+00 1.36E-01 1.29E+00 1.86E-01 -1.56E+00 3.02E-01 -3.00E+00 7.16E-01 
VelocityT 2.47E+00 4.68E-02 3.21E+00 3.47E-07 1.87E+00 1.79E-03 -3.41E-01 5.49E-01 1.35E-01 8.21E-01 -2.21E-01 7.71E-01 -1.02E-01 9.66E-01 
(Intercept)5 3.92E-01 2.48E-01 1.78E+00 8.05E-25 2.92E+00 1.66E-72 3.43E+00 1.71E-109 2.58E+00 5.60E-58 1.24E+00 2.10E-09 -2.63E+00 4.22E-05 
I(Velocity^2) 1.36E+00 1.13E-01 3.66E+00 5.96E-17 1.94E+00 3.54E-06 3.13E-01 4.34E-01 5.96E-01 1.50E-01 -8.63E-01 1.59E-01 -8.49E-01 7.22E-01 
(Intercept)4 7.40E-03 9.87E-01 1.35E+00 1.86E-09 2.63E+00 2.28E-35 3.45E+00 1.00E-64 2.56E+00 1.65E-33 1.31E+00 1.17E-06 -2.63E+00 1.22E-03 
Velocity 1.79E+00 6.81E-02 3.30E+00 2.44E-11 1.97E+00 3.37E-05 1.47E-01 7.49E-01 4.45E-01 3.51E-01 -6.64E-01 2.86E-01 -4.64E-01 8.14E-01 
               (Intercept)6 1.04E+00 1.45E-03 2.39E+00 8.67E-45 3.26E+00 5.04E-88 3.27E+00 2.21E-111 2.63E+00 5.13E-65 1.21E+00 3.21E-10 -2.79E+00 3.94E-06 
I(TemperatureT^2) -1.46E-01 2.15E-02 1.94E-02 1.20E-01 1.77E-02 1.24E-01 2.60E-02 1.03E-02 6.84E-03 5.27E-01 -2.93E-02 5.03E-02 -8.54E-04 9.84E-01 
TemperatureT -3.15E-01 1.50E-01 -3.94E-01 5.18E-10 -1.93E-01 1.42E-03 2.40E-02 6.55E-01 -1.09E-01 5.51E-02 1.55E-01 5.07E-02 7.62E-02 7.51E-01 
(Intercept)8 3.89E+00 1.13E-02 7.18E+00 8.09E-18 5.19E+00 4.45E-13 2.74E+00 1.75E-05 3.92E+00 4.92E-09 -1.06E-01 9.01E-01 -3.70E+00 1.36E-01 
I(Temperature^2) -5.13E-03 3.27E-02 -7.24E-03 3.08E-08 -2.79E-03 1.10E-02 1.15E-03 2.37E-01 -1.94E-03 5.93E-02 1.85E-03 1.51E-01 1.42E-03 7.00E-01 
(Intercept)7 6.63E+00 2.78E-02 1.20E+01 1.72E-13 7.25E+00 5.52E-07 2.16E+00 9.68E-02 5.26E+00 1.03E-04 -1.77E+00 3.07E-01 -4.67E+00 3.62E-01 
Temperature -2.39E-01 4.68E-02 -3.77E-01 6.85E-09 -1.53E-01 7.48E-03 5.26E-02 3.06E-01 -1.03E-01 5.53E-02 1.13E-01 9.72E-02 7.48E-02 7.08E-01 
               (Intercept)9 9.61E-01 1.23E-02 3.18E+00 3.27E-41 3.63E+00 1.67E-73 3.40E+00 3.33E-91 2.91E+00 1.65E-58 1.18E+00 5.10E-07 -3.65E+00 1.10E-01 
I(ConductivityT^2) -1.46E-05 1.65E-01 -7.86E-06 1.72E-01 -5.88E-06 2.23E-01 4.73E-07 9.07E-01 -8.78E-06 4.69E-02 -3.23E-06 5.73E-01 -4.00E-04 3.50E-01 
ConductivityT 1.59E-03 6.28E-01 3.07E-04 8.80E-01 9.60E-04 5.77E-01 1.98E-03 1.71E-01 1.75E-03 2.60E-01 1.99E-04 9.21E-01 -5.30E-02 4.05E-01 
(Intercept)11 9.52E-01 4.83E-03 3.21E+00 5.99E-54 3.58E+00 6.62E-92 3.22E+00 4.10E-105 2.81E+00 2.58E-68 1.17E+00 1.07E-08 -2.04E+00 9.61E-03 
I(Conductivity^2) -4.41E-06 1.00E-01 -3.20E-06 2.88E-02 -1.40E-06 2.49E-01 2.69E-06 7.75E-03 -1.51E-06 1.80E-01 -1.13E-06 4.40E-01 -2.46E-05 3.89E-01 
(Intercept)10 1.13E+00 1.97E-02 3.40E+00 1.89E-30 3.64E+00 7.25E-48 2.96E+00 1.97E-45 2.81E+00 1.74E-34 1.24E+00 2.13E-05 -1.52E+00 2.18E-01 
Conductivity -2.12E-03 2.51E-01 -1.87E-03 8.85E-02 -7.14E-04 4.39E-01 2.13E-03 5.39E-03 -4.61E-04 5.87E-01 -6.87E-04 5.29E-01 -7.67E-03 3.37E-01 
               (Intercept)12 3.57E-01 3.35E-01 2.74E+00 3.85E-35 3.36E+00 3.22E-65 3.47E+00 1.71E-86 2.72E+00 2.50E-50 7.07E-01 6.05E-04 -4.32E+00 6.73E-02 
I(pHT^2) 3.87E-01 6.80E-01 9.67E-02 8.63E-01 2.75E-01 5.75E-01 9.13E-02 8.35E-01 -1.18E-01 7.96E-01 5.04E-01 3.21E-01 -3.08E+01 1.60E-01 
pHT 1.43E+00 1.09E-02 1.57E+00 3.16E-06 6.90E-01 2.10E-02 2.19E-01 4.14E-01 -4.52E-01 1.05E-01 -1.08E+00 7.84E-04 1.93E+01 1.83E-01 
(Intercept)13 -5.06E+00 2.46E-02 -3.42E+00 9.67E-03 8.32E-01 4.74E-01 2.71E+00 8.87E-03 4.40E+00 4.16E-05 5.73E+00 3.24E-06 -1.09E+01 5.20E-02 
I(pH^2) 8.99E-02 1.25E-02 1.01E-01 2.16E-06 4.23E-02 2.39E-02 1.27E-02 4.47E-01 -2.78E-02 1.09E-01 -7.95E-02 8.56E-05 1.26E-01 1.33E-01 
(Intercept)14 -1.04E+01 1.84E-02 -9.30E+00 3.35E-04 -1.66E+00 4.65E-01 1.97E+00 3.31E-01 6.04E+00 4.14E-03 1.05E+01 1.36E-05 -1.93E+01 8.45E-02 
pH 1.39E+00 1.32E-02 1.54E+00 2.98E-06 6.52E-01 2.50E-02 1.94E-01 4.54E-01 -4.28E-01 1.12E-01 -1.23E+00 7.12E-05 2.07E+00 1.32E-01 







Size1 Size2 Size3 Size4 Size5 Size6 Size7 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
(Intercept)15 2.34E-01 4.69E-01 2.94E+00 5.78E-45 3.49E+00 4.91E-84 3.25E+00 5.83E-103 2.64E+00 1.09E-61 8.17E-01 6.59E-06 -5.90E+00 3.93E-02 
I(DOT^2) 5.51E-02 2.95E-01 2.73E-03 9.36E-01 5.85E-04 9.84E-01 5.45E-02 2.50E-02 5.39E-03 8.35E-01 -5.49E-04 9.86E-01 -3.69E+00 2.02E-01 
DOT 4.68E-01 9.57E-03 2.59E-01 2.88E-02 3.08E-02 7.62E-01 7.59E-02 3.73E-01 -1.61E-01 7.65E-02 -3.66E-01 1.51E-03 8.14E+00 1.68E-01 
(Intercept)17 -1.35E+00 8.28E-02 1.69E+00 4.07E-04 3.35E+00 1.61E-16 3.66E+00 3.23E-24 3.41E+00 3.69E-21 2.53E+00 7.10E-10 -5.05E+00 5.18E-03 
I(DO^2) 2.97E-02 1.20E-02 2.12E-02 4.13E-03 2.28E-03 7.18E-01 -2.24E-03 6.89E-01 -1.25E-02 2.67E-02 -2.87E-02 2.30E-05 3.45E-02 1.51E-01 
(Intercept)16 -2.58E+00 5.54E-02 1.08E+00 1.61E-01 3.27E+00 5.58E-07 3.15E+00 3.06E-08 3.95E+00 6.70E-12 3.55E+00 1.29E-08 -7.73E+00 3.84E-02 
DO 4.01E-01 1.90E-02 2.49E-01 1.23E-02 2.93E-02 7.29E-01 4.51E-02 5.41E-01 -1.72E-01 2.14E-02 -3.64E-01 1.19E-05 6.14E-01 1.60E-01 
               (Intercept)18 1.06E+00 2.34E-02 3.09E+00 1.42E-45 3.55E+00 3.34E-79 3.59E+00 3.87E-140 2.88E+00 2.81E-62 1.18E+00 5.85E-07 -2.61E+00 1.81E-06 
I(ChlorophyllT^2) -5.00E-02 2.37E-01 -3.04E-03 4.78E-01 -6.14E-03 1.94E-01 -2.46E-03 2.68E-02 -1.00E-02 5.77E-02 -7.68E-03 4.73E-01 -9.87E-03 4.36E-01 
ChlorophyllT 1.03E-01 5.91E-01 1.36E-02 8.84E-01 -6.23E-03 9.41E-01 8.19E-02 1.15E-01 8.39E-02 2.76E-01 8.93E-03 9.31E-01 2.37E-01 2.87E-01 
(Intercept)19 8.23E-01 1.04E-02 3.08E+00 2.03E-63 3.57E+00 1.63E-119 3.51E+00 4.28E-149 2.78E+00 4.05E-86 1.17E+00 1.50E-10 -2.76E+00 4.26E-07 
I(Chlorophyll^2) -8.58E-03 4.51E-01 -1.77E-03 1.32E-01 -4.23E-03 2.29E-02 -2.21E-04 5.00E-01 -2.69E-03 8.65E-02 -4.08E-03 2.60E-01 -2.80E-04 8.82E-01 
(Intercept)20 9.95E-01 1.08E-02 3.18E+00 6.13E-54 3.75E+00 3.08E-97 3.46E+00 3.73E-117 2.89E+00 2.96E-72 1.31E+00 5.07E-09 -2.87E+00 1.88E-06 
Chlorophyll -9.56E-02 2.71E-01 -4.69E-02 8.09E-02 -8.48E-02 4.45E-03 9.78E-03 5.90E-01 -5.06E-02 2.88E-02 -6.90E-02 1.33E-01 2.20E-02 6.94E-01 
               (Intercept)21 
  
3.12E+00 2.52E-52 3.58E+00 5.73E-99 3.54E+00 2.48E-125 2.73E+00 2.36E-68 1.67E+00 2.91E-09 -2.60E+00 5.13E-05 
I(TurbidityT^2) 
  
-4.57E-03 1.15E-01 -5.52E-03 3.38E-02 -2.56E-03 1.95E-01 -2.85E-03 2.42E-01 -5.34E-02 2.57E-02 -7.68E-03 7.08E-01 
TurbidityT 
  
8.94E-03 8.86E-01 1.23E-02 8.13E-01 -1.03E-02 8.21E-01 -3.97E-02 4.07E-01 1.59E-01 1.24E-02 6.37E-02 7.48E-01 
(Intercept)22 8.02E-01 8.60E-03 3.13E+00 1.23E-63 3.59E+00 3.63E-121 3.57E+00 2.09E-154 2.80E+00 4.91E-89 1.22E+00 4.58E-11 -2.71E+00 1.33E-06 
I(Turbidity^2) -4.25E-03 2.30E-01 -3.12E-03 6.12E-03 -3.74E-03 4.61E-04 -2.24E-03 2.42E-03 -3.35E-03 2.34E-03 -3.96E-03 8.79E-02 -1.80E-03 7.53E-01 
(Intercept)23 1.05E+00 4.10E-03 3.25E+00 3.62E-50 3.77E+00 2.09E-95 3.71E+00 1.07E-121 3.01E+00 3.95E-73 1.17E+00 5.38E-08 -2.71E+00 3.69E-05 
Turbidity -1.10E-01 9.21E-02 -5.98E-02 4.68E-02 -7.86E-02 2.14E-03 -6.10E-02 5.58E-03 -8.79E-02 5.88E-04 -1.67E-02 5.73E-01 -1.70E-02 8.64E-01 
               (Intercept)24 7.75E-01 1.48E-02 2.74E+00 1.72E-49 3.27E+00 2.03E-96 3.32E+00 5.47E-127 2.68E+00 1.42E-71 8.23E-01 2.92E-07 -2.50E+00 2.01E-04 
I(CODT^2) -3.26E-04 5.33E-01 4.16E-04 1.05E-01 4.40E-04 4.10E-02 4.39E-04 2.04E-02 1.29E-04 5.26E-01 1.69E-05 9.35E-01 -2.27E-03 5.99E-01 
CODT 4.57E-03 8.83E-01 -5.31E-02 3.53E-03 -4.61E-02 2.67E-03 -3.68E-02 6.55E-03 -5.10E-03 7.26E-01 3.00E-02 5.17E-02 2.89E-02 6.61E-01 
(Intercept)25 7.71E-01 1.34E-02 
  
3.53E+00 1.43E-107 3.50E+00 1.75E-136 2.69E+00 1.65E-74 6.88E-01 2.53E-05 -2.69E+00 5.84E-06 
I(COD^2) -1.36E-04 5.07E-01 
  
-9.39E-05 3.22E-01 1.24E-06 9.88E-01 4.25E-05 6.17E-01 3.06E-04 2.94E-04 -1.87E-04 7.94E-01 
(Intercept)26 7.86E-01 6.45E-02 3.47E+00 5.16E-40 3.73E+00 1.86E-66 3.58E+00 5.36E-78 2.68E+00 1.93E-40 3.06E-01 1.59E-01 -2.73E+00 5.26E-04 
COD -4.93E-03 7.88E-01 -3.55E-02 3.62E-03 -1.70E-02 6.92E-02 -5.30E-03 5.19E-01 2.17E-03 8.01E-01 3.10E-02 3.07E-04 -2.64E-03 9.40E-01 
               (Intercept)30 1.75E-01 6.22E-01 3.02E+00 8.17E-45 3.49E+00 2.14E-84 3.40E+00 1.03E-103 2.43E+00 2.43E-51 1.13E+00 8.15E-08 -5.13E+00 7.06E-02 
I(Nitrate.NT^2) 3.76E+00 2.51E-02 -2.55E-02 9.80E-01 -2.43E-01 7.80E-01 7.56E-01 3.17E-01 1.90E+00 1.38E-02 -2.62E-01 7.96E-01 1.04E+01 3.25E-01 
Nitrate.NT -3.92E+00 3.22E-02 -4.34E-01 6.93E-01 -4.57E-01 6.18E-01 -9.70E-01 2.27E-01 -2.43E+00 3.37E-03 2.72E-01 8.00E-01 -1.33E+01 3.75E-01 
(Intercept)31 8.01E-01 1.30E-02 3.08E+00 6.32E-54 3.57E+00 2.83E-102 3.52E+00 1.66E-127 2.75E+00 3.04E-72 1.10E+00 1.56E-08 -3.03E+00 2.25E-07 
I(Nitrate.N^2) -4.51E-01 3.91E-01 -2.27E-01 4.50E-01 -3.72E-01 1.41E-01 -7.98E-02 7.17E-01 -1.63E-01 4.83E-01 -2.05E-02 9.44E-01 5.09E-01 3.65E-01 
(Intercept)32 1.04E+00 2.66E-02 3.20E+00 3.58E-29 3.75E+00 1.33E-55 3.59E+00 7.99E-66 2.91E+00 2.89E-40 1.10E+00 8.73E-05 -3.13E+00 1.01E-04 
Nitrate.N -9.28E-01 3.15E-01 -4.60E-01 3.98E-01 -6.97E-01 1.27E-01 -2.45E-01 5.39E-01 -5.19E-01 2.17E-01 2.38E-03 9.96E-01 7.38E-01 5.62E-01 
               (Intercept)33 7.33E-01 2.42E-02 2.95E+00 4.10E-53 3.44E+00 8.93E-101 3.53E+00 2.00E-137 2.46E+00 8.48E-68 1.06E+00 2.48E-08 -3.82E+00 1.11E-01 
I(ClT^2) -1.66E-03 6.85E-01 8.28E-04 5.13E-01 5.15E-04 6.28E-01 -7.66E-04 4.13E-01 2.46E-03 9.07E-03 6.80E-04 5.81E-01 -4.00E-01 3.52E-01 







Size1 Size2 Size3 Size4 Size5 Size6 Size7 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
(Intercept)34 7.73E-01 1.15E-02 3.05E+00 4.59E-61 3.51E+00 2.46E-113 3.52E+00 1.83E-148 2.74E+00 2.11E-83 1.09E+00 2.24E-09 -2.21E+00 7.51E-04 
I(Cl^2) -1.64E-03 4.36E-01 -5.27E-04 3.14E-01 -4.94E-04 2.57E-01 -4.52E-04 2.37E-01 -5.89E-04 1.65E-01 1.34E-04 7.84E-01 -4.49E-02 3.84E-01 
(Intercept)35 9.20E-01 1.24E-02 3.17E+00 2.88E-47 3.62E+00 3.14E-86 3.58E+00 9.78E-109 2.89E+00 1.16E-66 1.09E+00 4.60E-07 -1.95E+00 3.09E-02 
Cl -4.98E-02 3.01E-01 -3.45E-02 1.74E-01 -3.09E-02 1.45E-01 -1.72E-02 3.51E-01 -4.79E-02 2.23E-02 2.53E-03 9.17E-01 -2.60E-01 3.59E-01 
               (Intercept)36 7.21E-01 2.52E-01 3.02E+00 2.08E-61 3.48E+00 5.07E-114 3.49E+00 2.31E-149 2.72E+00 1.16E-83 1.11E+00 5.61E-02 -2.76E+00 3.70E-04 
I(TotalPT^2) -1.80E+02 9.96E-01 2.35E+00 8.86E-01 3.89E+00 7.76E-01 5.74E+00 6.30E-01 -7.77E+00 5.47E-01 -1.84E+02 9.96E-01 -1.46E+02 9.97E-01 
TotalPT NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
(Intercept)37 1.14E+01 9.96E-01 2.88E+00 4.03E-03 3.25E+00 1.10E-04 3.15E+00 1.75E-05 3.18E+00 5.56E-05 1.20E+01 9.95E-01 5.85E+00 9.98E-01 
I(TotalP^2) -4.27E+01 9.96E-01 5.56E-01 8.86E-01 9.20E-01 7.76E-01 1.36E+00 6.30E-01 -1.84E+00 5.47E-01 -4.36E+01 9.96E-01 -3.44E+01 9.97E-01 
(Intercept)38 2.89E+01 9.96E-01 2.66E+00 3.03E-01 2.88E+00 1.83E-01 2.59E+00 1.69E-01 3.93E+00 5.27E-02 2.99E+01 9.96E-01 2.00E+01 9.97E-01 
TotalP -5.63E+01 9.96E-01 7.34E-01 8.86E-01 1.21E+00 7.76E-01 1.79E+00 6.30E-01 -2.42E+00 5.47E-01 -5.75E+01 9.96E-01 -4.54E+01 9.97E-01 
               (Intercept)39 7.11E-01 3.90E-02 2.48E+00 3.46E-33 3.44E+00 1.40E-86 3.54E+00 7.95E-117 2.74E+00 1.27E-66 1.02E+00 2.52E-08 -2.89E+00 8.68E-02 
I(Ammonium.NT^2) -3.06E-01 8.87E-01 5.16E+00 1.83E-05 9.32E-03 9.93E-01 -5.62E-01 5.36E-01 -6.14E-01 5.06E-01 -1.23E+00 2.27E-01 -2.04E+02 5.67E-01 
Ammonium.NT -5.04E-01 8.49E-01 -5.60E+00 3.82E-04 -1.34E+00 3.15E-01 2.07E-01 8.59E-01 1.25E+00 2.96E-01 3.18E+00 1.64E-02 -2.24E+01 6.50E-01 
(Intercept)40 7.52E-01 1.25E-02 3.05E+00 1.05E-60 3.54E+00 1.03E-116 3.52E+00 2.82E-147 2.65E+00 4.02E-77 9.00E-01 2.01E-07 -2.58E+00 2.15E-05 
I(Ammonium.N^2) -6.26E-01 4.04E-01 -3.79E-01 3.45E-01 -8.46E-01 1.86E-02 -3.18E-01 2.79E-01 4.87E-01 1.00E-01 8.02E-01 1.80E-02 -1.65E+01 7.20E-01 
(Intercept)41 7.98E-01 1.49E-02 3.12E+00 1.54E-54 3.63E+00 7.24E-105 3.54E+00 7.59E-126 2.59E+00 1.39E-63 6.97E-01 1.53E-04 -2.49E+00 4.06E-04 
Ammonium.N -7.76E-01 4.63E-01 -8.90E-01 1.54E-01 -1.33E+00 1.23E-02 -3.28E-01 4.71E-01 6.85E-01 1.40E-01 1.66E+00 1.26E-03 -3.05E+00 6.33E-01 
               (Intercept)42 1.24E+00 7.27E-04 2.88E+00 1.19E-48 3.41E+00 1.56E-92 3.28E+00 4.54E-117 2.49E+00 8.88E-62 7.13E-01 4.23E-05 -2.51E+00 5.36E-04 
I(AveStreamWidthT^2) -5.91E-03 3.63E-03 4.54E-05 8.76E-01 1.17E-04 6.09E-01 4.44E-04 2.12E-02 4.63E-04 2.23E-02 4.87E-04 3.04E-02 -1.64E-03 6.54E-01 
AveStreamWidthT 9.42E-02 5.42E-04 -3.94E-02 1.78E-02 -2.42E-02 8.65E-02 -3.60E-02 2.82E-03 -3.59E-02 4.75E-03 -4.64E-03 7.51E-01 1.90E-02 7.31E-01 
(Intercept)43 8.25E-01 9.11E-03 
  
3.55E+00 3.95E-107 3.51E+00 1.01E-134 2.73E+00 1.03E-74 7.21E-01 1.83E-05 -2.68E+00 5.32E-06 
I(AveStreamWidth^2) -2.17E-04 3.16E-01 
  
-1.31E-04 1.59E-01 -2.70E-05 7.37E-01 -2.27E-05 7.88E-01 2.55E-04 2.88E-03 -1.90E-04 7.56E-01 
(Intercept)44 -2.83E-01 4.85E-01 3.53E+00 1.86E-45 3.74E+00 1.29E-71 3.62E+00 5.09E-87 2.84E+00 4.11E-49 5.53E-01 1.33E-02 -2.71E+00 3.24E-04 
AveStreamWidth 5.16E-02 1.01E-03 -3.71E-02 6.16E-04 -1.67E-02 4.95E-02 -8.43E-03 2.55E-01 -8.03E-03 3.04E-01 2.10E-02 1.34E-02 -3.50E-03 9.13E-01 
               (Intercept)45 1.20E+00 1.25E-03 3.25E+00 5.76E-43 3.69E+00 1.87E-74 3.08E+00 1.44E-72 2.65E+00 7.92E-44 4.61E-01 3.67E-02 -1.94E+00 4.55E-03 
I(MeanDepthT^2) -1.36E+01 6.13E-03 -6.30E+00 2.02E-02 -4.46E+00 5.09E-02 5.02E+00 8.37E-03 1.03E+00 6.29E-01 6.76E+00 3.85E-03 -3.43E+01 2.32E-01 
MeanDepthT 1.35E+00 3.41E-01 -1.16E+00 1.66E-01 -4.76E-01 5.07E-01 -2.09E+00 5.10E-04 -5.11E-01 4.48E-01 5.58E-02 9.40E-01 -7.26E-01 8.88E-01 
(Intercept)46 1.19E+00 2.81E-03 3.50E+00 6.58E-48 3.79E+00 7.32E-76 3.64E+00 2.89E-89 2.76E+00 1.42E-46 4.96E-01 3.06E-02 -2.36E+00 1.20E-03 
I(MeanDepth^2) -2.32E+00 4.55E-02 -2.38E+00 3.42E-04 -1.40E+00 1.23E-02 -6.54E-01 1.85E-01 -1.95E-01 7.08E-01 1.69E+00 3.85E-03 -1.98E+00 4.80E-01 
(Intercept)47 1.49E+00 1.31E-02 3.95E+00 5.78E-28 4.02E+00 6.05E-39 3.91E+00 6.01E-49 2.84E+00 3.55E-23 2.50E-01 4.74E-01 -2.38E+00 2.89E-02 
MeanDepth -1.87E+00 1.23E-01 -2.34E+00 1.13E-03 -1.28E+00 3.56E-02 -1.05E+00 4.72E-02 -2.81E-01 6.20E-01 1.63E+00 1.47E-02 -9.44E-01 6.87E-01 
               (Intercept)48 7.66E-01 8.66E-02 3.57E+00 6.58E-42 3.81E+00 2.74E-64 3.81E+00 5.80E-81 2.78E+00 5.36E-40 6.62E-01 1.76E-02 -3.50E+00 7.88E-04 
factor(MainLandUse)2 -5.43E-01 4.17E-01 -1.19E+00 2.44E-03 -3.49E-01 2.94E-01 -5.52E-01 6.24E-02 1.68E-01 5.87E-01 6.69E-01 9.51E-02 1.64E-01 9.11E-01 
factor(MainLandUse)3 5.07E-01 5.32E-01 -1.42E+00 3.61E-03 -1.42E+00 6.91E-04 -9.09E-01 1.39E-02 -6.20E-01 1.11E-01 7.59E-01 1.23E-01 1.96E+00 1.24E-01 
factor(MainLandUse)4 -5.84E-01 6.44E-01 -1.23E+00 9.44E-02 -1.03E+00 1.02E-01 -3.21E-01 5.62E-01 -1.17E+00 5.24E-02 2.13E-01 7.78E-01 -1.58E+01 9.97E-01 
(Intercept)49 -3.56E-01 3.02E-01 2.80E+00 2.31E-48 3.44E+00 6.61E-94 3.42E+00 1.35E-125 2.63E+00 1.01E-72 6.99E-01 2.54E-04 -1.18E+01 9.96E-01 







Size1 Size2 Size3 Size4 Size5 Size6 Size7 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
as.ordered(Shading).Q 1.69E+00 6.75E-02 1.12E+00 2.52E-02 3.74E-01 3.97E-01 -6.82E-02 8.57E-01 6.47E-01 9.00E-02 -4.71E-01 3.64E-01 1.89E-01 1.00E+00 
as.ordered(Shading).C -4.46E-01 5.61E-01 7.24E-01 1.12E-01 2.96E-01 4.57E-01 1.68E-01 6.22E-01 8.82E-01 1.13E-02 6.79E-01 1.28E-01 -1.13E+01 9.98E-01 
as.ordered(Shading)^4 -1.72E+00 2.33E-02 7.11E-01 1.02E-01 3.96E-01 2.94E-01 8.48E-01 8.83E-03 7.46E-01 2.46E-02 -1.89E-01 6.46E-01 1.62E-01 1.00E+00 
as.ordered(Shading)^5 1.02E+00 2.76E-01 9.93E-01 2.71E-02 -1.88E-01 6.30E-01 3.53E-02 9.16E-01 -2.80E-01 4.12E-01 -1.52E+00 4.76E-04 -1.91E+01 9.97E-01 
(Intercept)50 9.32E-01 9.78E-03 3.38E+00 2.24E-58 3.66E+00 1.10E-85 3.38E+00 2.30E-93 2.69E+00 1.04E-55 1.06E+00 2.05E-06 -2.81E+00 3.55E-05 
factor(MainMac)1 -2.39E-01 8.58E-01 -2.20E+00 6.84E-03 -1.95E+00 6.18E-03 -6.51E-01 2.87E-01 -1.44E+00 3.21E-02 -5.05E-01 5.56E-01 -1.65E+01 9.97E-01 
factor(MainMac)2 -2.39E-01 8.97E-01 -1.88E+00 9.18E-02 -1.41E+00 1.48E-01 -8.91E-01 2.97E-01 -1.44E+00 1.23E-01 1.88E-01 8.68E-01 -1.65E+01 9.98E-01 
factor(MainMac)3 -9.75E-01 1.36E-01 -1.50E+00 6.17E-05 -3.70E-01 2.60E-01 4.43E-01 1.24E-01 2.44E-01 4.15E-01 1.52E-01 6.98E-01 3.29E-01 7.67E-01 
(Intercept)51 -1.61E+00 1.01E-01 9.56E-01 6.65E-02 2.10E+00 6.72E-07 3.35E+00 8.41E-20 2.03E+00 3.39E-07 1.82E+00 8.27E-05 -2.13E+01 9.98E-01 
factor(Valleyform)4 7.34E-01 5.55E-01 2.39E+00 4.88E-04 1.29E+00 2.33E-02 7.11E-01 1.52E-01 7.13E-01 1.81E-01 -1.13E+00 8.16E-02 1.08E-07 1.00E+00 
factor(Valleyform)5 3.03E+00 4.17E-03 2.25E+00 1.37E-04 1.68E+00 5.05E-04 -1.41E-01 7.38E-01 7.16E-01 1.16E-01 -1.10E+00 4.28E-02 1.93E+01 9.98E-01 
factor(Valleyform)6 1.61E+00 1.36E-01 2.01E+00 8.16E-04 1.30E+00 8.18E-03 1.48E-01 7.31E-01 8.16E-01 7.77E-02 -6.21E-01 2.57E-01 1.80E+01 9.98E-01 
(Intercept)52 -1.83E+01 9.95E-01 3.64E+00 3.28E-06 3.04E+00 2.71E-06 3.46E+00 2.39E-09 2.17E+00 5.10E-04 6.93E-01 3.64E-01 -2.03E+01 9.98E-01 
factor(Channelform)2 4.52E-08 1.00E+00 7.50E-01 6.68E-01 1.59E+00 2.69E-01 6.85E-01 5.95E-01 1.30E+00 3.42E-01 -6.93E-01 7.08E-01 -2.17E-07 1.00E+00 
factor(Channelform)3 2.15E+01 9.94E-01 -6.06E-02 9.64E-01 3.57E-01 7.50E-01 -1.81E-01 8.57E-01 8.01E-01 4.52E-01 -2.88E-01 8.32E-01 1.96E+01 9.98E-01 
factor(Channelform)4 1.92E+01 9.95E-01 -4.59E-01 5.82E-01 7.71E-01 2.64E-01 1.76E-01 7.75E-01 4.96E-01 4.55E-01 -3.10E-01 7.04E-01 1.69E+01 9.98E-01 
factor(Channelform)5 1.83E+01 9.95E-01 -9.21E-01 2.63E-01 1.78E-01 7.93E-01 -1.75E-02 9.77E-01 6.28E-01 3.36E-01 6.74E-01 3.98E-01 1.77E+01 9.98E-01 
factor(Channelform)6 1.72E+01 9.95E-01 -2.44E+00 4.80E-02 -2.35E+00 2.72E-02 -1.99E+00 3.07E-02 -5.60E-01 5.63E-01 1.50E+00 1.75E-01 -2.17E-07 1.00E+00 
(Intercept)53 -3.44E+00 9.97E-01 3.25E+00 2.32E-31 3.65E+00 1.03E-52 3.47E+00 6.90E-60 2.71E+00 3.36E-35 4.91E-01 1.38E-01 -1.38E+01 9.97E-01 
as.ordered(VarInWidth).L -1.28E+01 9.96E-01 8.71E-01 2.42E-01 5.47E-01 3.90E-01 4.04E-03 9.94E-01 2.81E-01 6.31E-01 -1.49E+00 1.09E-01 -1.78E+01 9.99E-01 
as.ordered(VarInWidth).Q -9.51E+00 9.96E-01 -5.35E-02 9.38E-01 -2.97E-02 9.59E-01 1.50E-01 7.72E-01 1.23E-01 8.19E-01 -2.77E-01 7.38E-01 5.16E+00 1.00E+00 
as.ordered(VarInWidth).C -4.55E+00 9.97E-01 1.16E-01 8.32E-01 1.98E-02 9.66E-01 -4.34E-02 9.17E-01 -4.75E-01 2.68E-01 -3.07E-01 6.20E-01 5.73E+00 9.99E-01 
as.ordered(VarInWidth)^4 -2.03E+00 9.97E-01 -5.40E-01 2.73E-01 -3.24E-01 4.42E-01 3.83E-02 9.19E-01 2.26E-01 5.59E-01 4.11E-03 9.94E-01 -6.60E+00 9.99E-01 
(Intercept)54 -4.95E-02 9.12E-01 2.52E+00 8.13E-24 3.38E+00 1.30E-52 3.53E+00 2.33E-73 2.54E+00 6.58E-37 1.21E+00 2.36E-06 -8.11E+00 9.95E-01 
as.ordered(Erosion).L -9.59E-01 2.37E-01 1.86E-01 6.79E-01 1.16E-01 7.74E-01 -3.83E-02 9.15E-01 5.48E-02 8.80E-01 1.84E-01 6.97E-01 -1.16E+01 9.97E-01 
as.ordered(Erosion).Q 7.88E-01 2.84E-01 1.99E+00 1.82E-06 7.09E-01 4.98E-02 -4.40E-01 1.63E-01 8.22E-01 1.25E-02 -3.40E-01 4.13E-01 -7.39E+00 9.96E-01 
(Intercept)55 1.17E+00 3.04E-02 2.81E+00 1.64E-13 3.28E+00 4.11E-25 3.38E+00 9.77E-35 2.87E+00 3.84E-23 1.66E+00 2.92E-07 -2.13E+01 9.97E-01 
factor(ProfileBankDominant)2 3.77E-02 9.57E-01 4.15E-01 4.02E-01 5.66E-01 1.68E-01 -2.42E-01 5.00E-01 -8.32E-02 8.26E-01 -1.26E+00 4.53E-03 1.80E+01 9.98E-01 
factor(ProfileBankDominant)3 -1.86E+00 1.13E-02 2.53E-01 6.04E-01 -1.49E-02 9.71E-01 2.65E-01 4.51E-01 -4.61E-01 2.17E-01 -1.06E+00 1.36E-02 1.94E+01 9.97E-01 
factor(ProfileBankDominant)4 -2.15E+00 5.38E-02 -3.05E-01 6.58E-01 -7.34E-02 8.98E-01 6.22E-01 2.08E-01 6.96E-02 8.94E-01 2.64E-01 6.49E-01 -3.11E-08 1.00E+00 
(Intercept)56 6.93E-01 3.19E-02 2.78E+00 1.73E-41 3.61E+00 1.11E-84 3.36E+00 3.91E-92 2.66E+00 5.14E-54 6.68E-01 2.49E-03 -9.61E+00 9.95E-01 
as.ordered(VariationInFlow).L 9.21E-01 1.29E-01 1.60E-01 6.76E-01 5.14E-01 1.36E-01 -3.22E-01 2.95E-01 2.25E-01 4.82E-01 -8.45E-01 4.05E-02 5.71E+00 9.98E-01 
as.ordered(VariationInFlow).Q -4.97E-01 4.27E-01 9.35E-01 1.93E-02 6.47E-02 8.58E-01 4.49E-01 1.63E-01 5.63E-01 9.37E-02 4.07E-01 3.45E-01 1.41E+01 9.96E-01 
as.ordered(VariationInFlow).C 1.37E+00 1.05E-01 2.01E+00 1.68E-04 5.16E-01 2.81E-01 4.69E-01 2.73E-01 3.63E-01 4.14E-01 -1.65E-01 7.72E-01 -1.15E+01 9.98E-01 
as.ordered(VariationInFlow)^4 7.74E-01 3.24E-01 9.12E-03 9.86E-01 -4.65E-01 3.04E-01 -1.13E-01 7.80E-01 -3.91E-01 3.55E-01 5.93E-02 9.13E-01 -4.43E+00 9.99E-01 
(Intercept)57 2.37E-01 5.27E-01 2.39E+00 2.98E-28 3.31E+00 1.17E-71 3.42E+00 3.18E-100 2.78E+00 9.89E-61 1.26E+00 3.57E-10 -6.97E+00 9.96E-01 
as.ordered(SludgeLayer).L -7.65E-01 2.87E-01 -1.21E+00 5.06E-03 -5.96E-01 1.10E-01 -2.15E-01 5.09E-01 3.85E-01 2.57E-01 7.43E-01 6.80E-02 -2.79E+00 9.98E-01 
as.ordered(SludgeLayer).Q 8.80E-01 2.40E-01 4.49E-01 3.00E-01 -5.74E-01 1.20E-01 -4.74E-01 1.41E-01 2.14E-01 5.28E-01 -5.05E-01 2.08E-01 9.66E+00 9.97E-01 
as.ordered(SludgeLayer).C 1.08E+00 1.66E-01 1.30E+00 2.90E-03 1.11E-02 9.76E-01 8.94E-02 7.80E-01 1.74E-01 6.07E-01 -5.18E-01 1.88E-01 1.17E+01 9.97E-01 







Size1 Size2 Size3 Size4 Size5 Size6 Size7 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
as.ordered(Twigs).L -2.00E+00 4.58E-02 4.67E-01 3.40E-01 1.85E-01 6.54E-01 5.11E-01 1.39E-01 4.56E-01 2.22E-01 2.73E-01 5.54E-01 -1.34E+01 9.99E-01 
as.ordered(Twigs).Q 1.47E-01 8.44E-01 -2.84E-03 9.94E-01 -2.58E-01 4.46E-01 -3.79E-01 1.82E-01 2.49E-01 4.21E-01 6.66E-01 9.09E-02 7.73E+00 9.99E-01 
(Intercept)59 4.01E-02 9.22E-01 3.02E+00 3.36E-44 3.42E+00 2.09E-80 3.53E+00 1.49E-104 2.80E+00 3.42E-62 1.12E+00 2.00E-07 -8.55E+00 9.96E-01 
as.ordered(Branch).L -1.70E+00 3.77E-02 5.23E-01 2.15E-01 3.67E-01 2.94E-01 1.18E-01 7.09E-01 3.95E-01 2.27E-01 1.32E-01 7.52E-01 -1.24E+01 9.97E-01 
as.ordered(Branch).Q -8.33E-01 1.53E-01 -3.22E-01 3.19E-01 -4.69E-01 8.09E-02 3.26E-02 8.93E-01 9.75E-02 6.98E-01 -2.63E-02 9.35E-01 -7.39E+00 9.97E-01 
(Intercept)60 -3.72E-01 4.25E-01 3.14E+00 2.14E-39 3.47E+00 6.71E-66 3.53E+00 3.72E-91 2.85E+00 2.59E-55 1.13E+00 4.23E-07 -8.24E+00 9.94E-01 
as.ordered(Logs).L -1.01E+00 2.90E-01 3.60E-01 4.44E-01 -4.25E-02 9.15E-01 1.93E-02 9.55E-01 4.70E-01 1.89E-01 4.88E-02 9.10E-01 -1.16E+01 9.96E-01 
as.ordered(Logs).Q -2.11E+00 7.51E-04 2.34E-01 5.04E-01 -6.52E-02 8.25E-01 3.46E-01 1.74E-01 2.22E-01 4.05E-01 7.16E-01 3.10E-02 -7.04E+00 9.96E-01 
(Intercept)61 4.93E-01 7.28E-02 2.51E+00 3.42E-67 3.35E+00 4.71E-121 3.41E+00 2.06E-154 2.63E+00 4.25E-84 9.70E-01 2.82E-08 -6.16E+00 9.94E-01 
as.ordered(MineralSubstrate).L -1.02E+00 9.48E-02 -2.04E+00 2.10E-10 -9.42E-01 3.14E-03 4.32E-01 1.32E-01 -4.10E-02 8.91E-01 7.16E-01 6.79E-02 -5.32E+00 9.97E-01 
as.ordered(MineralSubstrate).Q 2.75E-01 6.53E-01 1.10E+00 5.40E-04 7.96E-01 1.12E-02 6.04E-01 3.22E-02 8.01E-01 6.76E-03 1.17E-01 7.60E-01 5.08E+00 9.96E-01 
as.ordered(MineralSubstrate).C -1.04E+00 9.41E-02 1.43E-01 6.68E-01 2.53E-01 4.44E-01 -4.98E-01 9.48E-02 -6.37E-02 8.39E-01 4.64E-01 2.50E-01 1.13E+01 9.97E-01 
as.ordered(MineralSubstrate)^4 -1.05E+00 8.83E-02 -2.73E-01 3.98E-01 1.20E-01 7.05E-01 2.13E-01 4.55E-01 3.23E-01 2.83E-01 1.60E-01 6.77E-01 8.34E+00 9.97E-01 
(Intercept)62 -4.52E-01 4.21E-01 3.67E+00 1.79E-33 4.08E+00 3.82E-51 4.00E+00 4.35E-63 3.14E+00 1.97E-36 6.70E-01 4.22E-02 -3.09E+00 5.18E-03 
factor(BankShapeDominant)2 3.09E-01 7.21E-01 -1.76E+00 2.95E-04 -1.40E+00 1.14E-03 -9.14E-01 1.54E-02 -5.57E-01 1.57E-01 1.06E+00 3.19E-02 -1.72E+01 9.97E-01 
factor(BankShapeDominant)3 1.55E+00 3.53E-02 -1.74E+00 3.70E-05 -1.04E+00 5.21E-03 -1.02E+00 2.02E-03 -1.14E+00 1.05E-03 -1.78E-02 9.69E-01 5.65E-01 6.83E-01 
factor(BankShapeDominant)4 1.71E+00 3.32E-02 -5.71E-01 2.17E-01 -6.85E-01 9.63E-02 -5.42E-01 1.35E-01 -3.01E-01 4.26E-01 6.56E-01 1.77E-01 9.51E-01 5.02E-01 
factor(BankShapeDominant)5 -1.69E+01 9.96E-01 1.28E+00 3.77E-01 1.68E-01 8.97E-01 2.60E-01 8.20E-01 1.95E-01 8.70E-01 -1.80E+01 9.96E-01 -1.72E+01 9.99E-01 
(Intercept)63 -3.22E+00 9.97E-01 3.18E+00 2.72E-30 3.59E+00 5.27E-52 3.47E+00 6.45E-66 2.83E+00 2.96E-40 1.29E+00 6.80E-07 -1.36E+01 9.97E-01 
as.ordered(BankSlopeDominant).L -1.30E+01 9.96E-01 3.86E-01 6.26E-01 4.25E-01 5.29E-01 1.87E-01 7.45E-01 3.04E-01 6.16E-01 8.01E-01 2.78E-01 -7.95E-02 1.00E+00 
as.ordered(BankSlopeDominant).Q -8.89E+00 9.97E-01 8.01E-01 2.44E-01 3.91E-01 5.04E-01 6.42E-01 1.98E-01 7.67E-01 1.44E-01 5.06E-01 4.31E-01 -1.03E+01 9.99E-01 
as.ordered(BankSlopeDominant).C -5.71E+00 9.96E-01 -1.10E-01 8.41E-01 5.44E-02 9.06E-01 1.01E+00 1.13E-02 3.30E-01 4.31E-01 5.12E-02 9.20E-01 1.59E-01 1.00E+00 
as.ordered(BankSlopeDominant)^4 -2.78E+00 9.95E-01 5.34E-01 1.67E-01 3.55E-01 2.80E-01 5.26E-01 6.25E-02 5.29E-01 7.58E-02 -5.78E-01 1.17E-01 -1.84E+01 9.96E-01 
(Intercept)64 -2.78E+00 9.96E-01 -5.58E-01 9.99E-01 -2.66E-02 1.00E+00 2.76E+00 6.14E-23 2.24E+00 3.37E-15 -2.12E+00 9.97E-01 -1.18E+01 9.98E-01 
as.ordered(BedCompaction).L 1.19E+01 9.95E-01 1.27E+01 9.95E-01 1.28E+01 9.95E-01 2.59E+00 5.21E-03 2.01E+00 3.28E-02 1.10E+01 9.96E-01 5.70E+00 1.00E+00 
as.ordered(BedCompaction).Q -9.21E+00 9.96E-01 -1.06E+01 9.96E-01 -1.12E+01 9.95E-01 -1.51E+00 7.43E-02 -1.11E+00 1.96E-01 -1.00E+01 9.96E-01 -6.51E-01 1.00E+00 
as.ordered(BedCompaction).C 5.16E+00 9.97E-01 7.39E+00 9.95E-01 7.34E+00 9.95E-01 1.02E+00 1.20E-01 5.31E-01 4.26E-01 6.16E+00 9.96E-01 1.16E+01 9.99E-01 
as.ordered(BedCompaction)^4 -2.16E+00 9.97E-01 -3.43E+00 9.96E-01 -3.95E+00 9.95E-01 -1.60E-01 7.35E-01 -1.27E+00 8.26E-03 -3.70E+00 9.95E-01 -9.59E-01 1.00E+00 
as.ordered(BedCompaction)^5 1.03E+00 9.96E-01 -1.76E-01 9.99E-01 2.31E-02 1.00E+00 -4.16E-01 2.21E-01 -7.52E-02 8.32E-01 2.04E+00 9.93E-01 1.93E+01 9.97E-01 
(Intercept)65 2.16E-01 4.08E-01 2.67E+00 6.87E-60 3.45E+00 2.32E-115 3.45E+00 6.25E-129 2.73E+00 6.86E-75 7.94E-01 2.26E-05 -1.41E+01 9.97E-01 
as.ordered(SedimentMatrix).L -1.47E+00 5.51E-03 -1.97E+00 8.38E-09 -1.02E+00 1.38E-03 1.40E-01 6.42E-01 -3.60E-01 2.50E-01 9.66E-01 1.64E-02 -6.60E+00 9.99E-01 
as.ordered(SedimentMatrix).Q 4.41E-01 4.20E-01 4.08E-01 2.70E-01 -4.43E-01 1.96E-01 5.04E-02 8.76E-01 4.79E-02 8.87E-01 8.41E-02 8.44E-01 -1.63E+01 9.98E-01 
as.ordered(SedimentMatrix).C -6.25E-01 3.20E-01 6.84E-01 5.23E-02 3.50E-01 2.82E-01 1.82E-01 5.54E-01 1.80E-01 5.74E-01 4.42E-01 2.68E-01 1.32E+01 9.99E-01 
as.ordered(SedimentMatrix)^4 2.53E+00 4.65E-05 -4.85E-01 2.22E-01 -8.20E-02 8.22E-01 6.40E-02 8.53E-01 1.53E-01 6.71E-01 -9.97E-03 9.82E-01 4.37E+00 9.99E-01 
(Intercept)66 7.08E-02 8.45E-01 2.18E+00 5.68E-29 3.14E+00 7.09E-82 3.59E+00 8.06E-134 2.67E+00 6.16E-65 1.22E+00 3.54E-10 -6.84E+00 9.94E-01 
as.ordered(SedimentAngularity).L 6.12E-01 4.89E-01 2.23E-01 6.35E-01 -7.53E-01 5.30E-02 -9.55E-01 5.57E-03 -3.48E-02 9.25E-01 -7.32E-01 1.09E-01 1.14E+01 9.96E-01 
as.ordered(SedimentAngularity).Q -1.33E+00 6.66E-02 -1.83E+00 2.92E-06 -7.91E-01 1.58E-02 6.61E-01 2.32E-02 2.35E-01 4.54E-01 7.24E-01 6.36E-02 -7.64E+00 9.97E-01 
as.ordered(SedimentAngularity).C 1.11E+00 3.28E-02 1.03E+00 3.86E-04 5.68E-01 2.42E-02 1.63E-01 4.72E-01 7.09E-01 3.53E-03 -3.96E-01 2.00E-01 4.33E+00 9.96E-01 
(Intercept)67 -2.28E+00 9.97E-01 2.89E+00 5.21E-16 3.13E+00 7.91E-23 3.05E+00 5.22E-28 2.57E+00 3.69E-19 6.92E-01 6.42E-02 -1.09E+01 9.96E-01 







Size1 Size2 Size3 Size4 Size5 Size6 Size7 
 
Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values Estimate p-values 
as.ordered(RiffleClass).Q -1.14E+01 9.95E-01 -1.43E-01 8.95E-01 -7.64E-01 4.31E-01 -4.43E-01 6.00E-01 -5.48E-02 9.50E-01 -5.49E-01 6.27E-01 -1.10E+01 9.99E-01 
as.ordered(RiffleClass).C 5.36E+00 9.97E-01 7.82E-01 3.27E-01 1.24E+00 8.02E-02 1.42E+00 2.21E-02 9.32E-01 1.47E-01 2.81E-01 7.37E-01 4.52E+00 9.99E-01 
as.ordered(RiffleClass)^4 -1.97E+00 9.98E-01 -5.09E-01 3.88E-01 -6.37E-01 2.22E-01 -7.42E-01 1.05E-01 -3.53E-01 4.59E-01 -2.42E-01 7.01E-01 -1.26E+01 9.97E-01 
as.ordered(RiffleClass)^5 1.88E+00 9.93E-01 -1.01E-01 8.71E-01 -5.52E-01 3.09E-01 1.62E-02 9.73E-01 -1.40E-01 7.80E-01 -2.51E-01 7.09E-01 -1.09E+01 9.98E-01 
Appendix Table  6.1. Estimates and p-values of the fixed effects, variance of the random effects and p-values of the random effect for deposit 
feeder. Only variables with either significant fixed effect or random effect (in bold) are presented.  
Model (Fixed effects) Estimate p-values Random effects Variance 
Random effect 
Hypothesis testing p-value 
Intercept 2.76E+00 5.30E-06 Intercept 7.33E-01     
Elevation^2 -3.57E-06 9.30E-01 Elevation^2 5.69E-09 quadratic effect >0.9999 
Elevation 5.97E-03 1.80E-05 Elevation 9.26E-08 linear effect >0.9999 
Intercept 3.13E+00 8.36E-10 Intercept 6.91E-01 
  Velocity 1.31E+00 9.10E-03 Velocity 5.59E-01 linear effect 5.92E-02 
Intercept 3.45E+00 0.389267 Intercept 4.69E+00     
I(Temperature^2) -3.36E-04 0.968577 Temperature^2 1.25E-05 quadratic effect 7.06E-07 
Intercept 3.11E+00 1.00E-14 Intercept 3.05E-01 
  Conductivity^2 -9.28E-06 8.31E-01 Conductivity^2 5.69E-09 quadratic effect >0.9999 
Conductivity 6.56E-03 2.20E-03 Conductivity 1.04E-07 linear effect >0.9999 
Intercept -6.90E-01 5.97E-01 Intercept 3.82E-01     
pH 5.80E-01 3.16E-04 pH 5.29E-06 linear effect 3.03E-01 
Intercept 4.08E+00 <2e-16 Intercept 1.10E-03 
  COD^2 7.41E-04 1.90E-02 COD^2 5.25E-08 quadratic effect >0.9999 
COD -3.64E-02 1.69E-01 COD 1.10E-03 linear effect 1.45E-01 
Intercept 4.69E+00 9.30E-07 Intercept 0.28414     
DO^2 2.89E-02 0.15 DO^2 1.12E-07 quadratic effect 3.43E-02 
DO -3.47E-01 0.20 DO 1.23E-07 linear effect 1.20E-01 
Intercept 3.70E+00 <2e-16 Intercept 0.26604 
  Chlorophyll^2 -2.51E-03 0.40 Chlorophyll^2 4.88E-06 quadratic effect 2.40E-01 






Model (Fixed effects) Estimate p-values Random effects Variance 
Random effect 
Hypothesis testing p-value 
Intercept 3.88E+00 1.30E-50 (Intercept)23 0.16808     
Turbidity -1.46E-02 6.51E-01 Turbidity1 0.002203 linear effect 1.32E-02 
Intercept 3.87E+00 3.36E-32 Intercept 3.02E-01 
  Ammonium.N^2 -6.91E-01 3.66E-02 Ammonium.N^2 1.36E-05 quadratic effect >0.9999 
Intercept 4.21E+00 3.40E-41 Intercept 2.30E-01     
MeanDepth -1.20E+00 1.61E-03 MeanDepth 3.55E-06 linear effect >0.9999 
Intercept 3.99E+00 1.24E-36 Intercept 2.71E-01 
  factor(MainMac)1 -1.59E+00 8.29E-04 factor(MainMac)1 1.12E-04 
  factor(MainMac)2 -3.08E-01 2.37E-01 factor(MainMac)2 1.13E-07 
  factor(MainMac)3 -5.49E-01 1.32E-01 factor(MainMac)3 1.60E-01 factored effect 9.92E-01 
Intercept 3.66E+00 3.00E-22 Intercept 3.20E-01     
factor(ProfileBankDominant)2 4.67E-01 4.79E-02 factor(ProfileBankDominant)2 5.55E-07     
factor(ProfileBankDominant)3 8.13E-02 7.30E-01 factor(ProfileBankDominant)3 1.13E-07     
factor(ProfileBankDominant)4 -3.00E-01 3.59E-01 factor(ProfileBankDominant)4 1.12E-05 factored effect >0.9999 
Intercept 3.95E+00 9.79E-31 Intercept 3.23E-01 
  as.ordered(VariationInFlow).L 2.50E-01 3.05E-01 VariationInFlow 1.13E-07 linear effect >0.9999 
as.ordered(VariationInFlow).Q 1.21E-01 6.29E-01 
    as.ordered(VariationInFlow).C 8.61E-01 4.95E-04 
    as.ordered(VariationInFlow)^4 -1.23E-01 5.14E-01 
    Intercept 3.45E+00 1.62E-26 Intercept 2.46E-01   
as.ordered(SludgeLayer).L -9.03E-01 4.23E-03 SludgeLayer 2.19E-06 linear effect 1.53E-01 
as.ordered(SludgeLayer).Q -1.23E-01 6.60E-01         
as.ordered(SludgeLayer).C 3.41E-01 1.88E-01         
Intercept 3.64E+00 5.74E-15 Intercept 0.49062 
  as.ordered(Twigs).L -6.32E-01 0.101188 Twigs 0.11164 linear effect 1.38E-02 
as.ordered(Twigs).Q -3.06E-01 0.101461 
    Intercept 3.64E+00 1.07E-29 Intercept 0.22838   






Model (Fixed effects) Estimate p-values Random effects Variance 
Random effect 
Hypothesis testing p-value 
as.ordered(Logs).Q 1.75E-01 0.443981         
Intercept 3.50E+00 1.72E-09 Intercept 7.01E-01 
  as.ordered(Branch).L -6.05E-01 2.19E-01 Branch 2.44E-01 linear effect >0.9999 
as.ordered(Branch).Q -4.26E-01 3.21E-02 
    Intercept 3.85E+00 1.09E-26 Intercept 3.37E-01   
as.ordered(BankSlopeDominant).L 8.23E-02 8.30E-01 BankSlopeDominant 1.13E-07 linear effect 2.58E-03 
as.ordered(BankSlopeDominant).Q 2.30E-01 4.95E-01         
as.ordered(BankSlopeDominant).C 3.15E-01 2.04E-01         
as.ordered(BankSlopeDominant)^4 3.28E-01 5.25E-02         
Intercept 3.77E+00 1.30E-22 Intercept 3.25E-07 
  as.ordered(MineralSubstrate).L -3.84E-01 3.90E-01 MineralSubstrate 4.72E-02 linear effect 9.96E-01 
as.ordered(MineralSubstrate).Q 2.93E-01 1.43E-01 
    as.ordered(MineralSubstrate).C 3.65E-01 4.68E-02 
    as.ordered(MineralSubstrate)^4 4.01E-01 1.63E-02 
    Intercept 4.23E+00 3.62E-27 Intercept 3.87E-01   
factor(BankShapeDominant)2 -6.52E-01 9.45E-03 BankShapeDominant2 7.95E-06     
factor(BankShapeDominant)3 -9.76E-01 5.42E-04 BankShapeDominant3 4.26E-02     
factor(BankShapeDominant)4 -3.52E-01 1.20E-01 BankShapeDominant4 9.49E-06     
factor(BankShapeDominant)5 -5.80E-01 3.52E-01 BankShapeDominant5 4.17E-05 factored effect >0.9999 
Intercept 3.73E+00 8.79E-30 Intercept 5.49E-07 
  as.ordered(SedimentMatrix).L -1.04E-02 9.80E-01 SedimentMatrix 3.31E-02 linear effect >0.9999 
as.ordered(SedimentMatrix).Q -4.31E-01 8.73E-02 
    as.ordered(SedimentMatrix).C 2.24E-02 9.08E-01 
    as.ordered(SedimentMatrix)^4 -3.55E-01 3.71E-02 
    Intercept 3.67E+00 1.91E-15 Intercept 4.06E-01   
as.ordered(RiffleClass).L 2.09E+00 2.62E-02 RiffleClass 1.13E-07 linear effect >0.9999 
as.ordered(RiffleClass).Q -8.26E-01 3.42E-01         






Model (Fixed effects) Estimate p-values Random effects Variance 
Random effect 
Hypothesis testing p-value 
as.ordered(RiffleClass)^4 -8.00E-01 5.07E-02         








Appendix Table 6.2. Estimates and p-values of the fixed effects, variance of the random effects and p-values of the random effect for filter 
feeder. Only variables with either significant fixed effect or  random effect (in bold) are presented.  
Model (Fixed effects) Estimate p-values Random effects Variance Hypothesis testing p-value 
Intercept 2.86E+00 6.05E-07 Intercept 7.04E-01     
Elevation 2.01E-03 1.36E-03 Elevation 8.77E-08 linear effect >0.9999 
Intercept 3.46E+00 1.00E-11 Intercept 7.04E-01 
  Velocity^2 8.18E-01 1.37E-03 Velocity^2 3.26E-04 quadratic effect >0.9999 
Intercept 1.83E+01 2.40E-04 Intercept 1.03E-05     
Temperature^2 1.84E-02 1.31E-02 Temperature 1.26E-03 quadratic effect >0.9999 
Temperature -1.05E+00 6.46E-03 Temperature^2 5.37E-04 linear effect 2.34E-03 
Intercept 3.03E+00 3.10E-15 Intercept 2.06E-05 
  I(DO^2) 1.07E-02 0.277574 DO^2 0.000198 quadratic effect 1.57E-02 
Intercept 4.04E+00 4.52E-11 Intercept 1.03E+00     
Turbidity -4.21E-02 1.09E-03 Turbidity 1.18E-07 linear effect >0.9999 
(Intercept)35 3.83E+00 6.30E-14 (Intercept)35 1.06E+00 
  I(AveStreamWidth^2) 3.24E-04 2.90E-01 AveStreamWidth 6.22E-04 quadratic effect >0.9999 
AveStreamWidth -1.42E-03 9.60E-01 AveStreamWidth^2 5.54E-08 linear effect 2.78E-02 
Intercept 4.31E+00 1.96E-14 Intercept 8.26E-01     
MeanDepth -1.44E+00 8.73E-03 MeanDepth1 8.69E-05 linear effect >0.9999 
Intercept 3.55E+00 7.95E-11 Intercept 7.93E-01     
as.ordered(Shading).L -2.01E-01 6.85E-01 Shading 2.49E-07 linear effect >0.9999 
as.ordered(Shading).Q 8.94E-02 8.75E-01 
    as.ordered(Shading).C 1.11E+00 2.51E-02 
    as.ordered(Shading)^4 -1.08E-01 7.58E-01 
    as.ordered(Shading)^5 -1.62E-01 7.46E-01 
    as.ordered(Shading)^6 -5.59E-02 9.02E-01 
    Intercept 3.82E+00 7.07E-09 Intercept 1.25E+00   
as.ordered(VarInWidth).L 1.15E-01 7.62E-01 VarInWidth 1.82E-06 linear effect >0.9999 
as.ordered(VarInWidth).Q 5.34E-01 1.14E-01         






Model (Fixed effects) Estimate p-values Random effects Variance Hypothesis testing p-value 
as.ordered(VarInWidth)^4 -2.95E-01 2.10E-01         
Intercept 3.92E+00 8.85E-11 Intercept 1.05E+00 
  as.ordered(VariationInFlow).L 1.09E+00 6.50E-04 VariationInFlow 1.36E-07 linear effect >0.9999 
as.ordered(VariationInFlow).Q -2.90E-01 3.32E-01 
    as.ordered(VariationInFlow).C 3.43E-01 2.76E-01 
    as.ordered(VariationInFlow)^4 4.89E-02 8.42E-01 
    Intercept 3.81E+00 2.70E-10 Intercept 1.06E+00   
as.ordered(MineralSubstrate).L -6.59E-01 1.32E-02 MineralSubstrate 1.41E-07 linear effect >0.9999 
as.ordered(MineralSubstrate).Q 3.10E-01 2.84E-01         
as.ordered(MineralSubstrate).C 3.07E-01 2.09E-01         
as.ordered(MineralSubstrate)^4 1.69E-01 4.71E-01         
Intercept 4.22E+00 4.28E-11 Intercept 1.10E+00 
  factor(BankShapeDominant)2 -5.27E-01 1.67E-01 BankShapeDominant2 1.12E-01 
  factor(BankShapeDominant)3 -8.21E-01 1.49E-02 BankShapeDominant3 5.53E-06 
  factor(BankShapeDominant)4 -3.36E-01 2.63E-01 BankShapeDominant4 5.08E-06 
  factor(BankShapeDominant)5 -1.16E+00 3.20E-01 BankShapeDominant5 1.29E+00 linear effect 9.65E-01 
Intercept 3.67E+00 2.91E-20 Intercept 2.85E-01     
as.ordered(BedCompaction).L 2.39E+00 3.65E-03 BedCompaction 3.35E-04 linear effect >0.9999 
as.ordered(BedCompaction).Q -1.35E+00 7.25E-02         
as.ordered(BedCompaction).C 4.61E-01 3.99E-01         
as.ordered(BedCompaction)^4 5.67E-02 8.72E-01         
as.ordered(BedCompaction)^5 -2.55E-01 2.51E-01         
Intercept 3.82E+00 3.46E-13 Intercept 7.79E-01 
  as.ordered(SedimentMatrix).L -9.75E-01 4.19E-03 SedimentMatrix 1.13E-07 linear effect >0.9999 
as.ordered(SedimentMatrix).Q -6.71E-01 4.98E-02 
    as.ordered(SedimentMatrix).C -4.42E-01 8.48E-02 
    as.ordered(SedimentMatrix)^4 -1.42E-01 5.34E-01 






Appendix Table 6.3. Estimates and p-values of the fixed effects, variance of the random effects and p-values of the random effect for parasite. 
Only variables with either significant fixed effect or random effect (in bold) are presented.  
Model (Fixed effects) Estimate p-values Random effects Variance Hypothesis testing p-value 
Intercept 8.12E-01 5.77E-02 Intercept 5.07E-01     
I(DOT^2) 7.17E-02 1.62E-03 DO 1.48E-05 quadratic effect >0.9999 
DOT 1.46E-01 1.16E-01 DO^2 1.12E-07 linear effect >0.9999 
(Intercept)27 1.40E+00 7.01E-03 Intercept 6.87E-01 
  Nitrate.N -9.32E-01 3.68E-02 Nitrate.N 2.20E-04 linear effect >0.9999 
Intercept 3.81E-01 5.29E-01 (Intercept)42 7.73E-01     
factor(Channelform)2 2.14E+00 1.49E-01 Channelform2 1.13E-07 factored effect 9.97E-01 
factor(Channelform)3 2.20E-01 7.17E-01 Channelform3 2.73E-01     
factor(Channelform)4 5.78E-01 1.14E-01 Channelform4 9.04E-06     
factor(Channelform)5 9.09E-01 1.48E-02 Channelform5 1.49E-05     
factor(Channelform)6 1.70E-01 8.55E-01 Channelform6 8.71E-06     
Intercept 9.12E-01 3.77E-02 Intercept 5.39E-01 
  as.ordered(MineralSubstrate).L 1.08E-01 6.89E-01 MineralSubstrate 2.99E-07 linear effect >0.9999 
as.ordered(MineralSubstrate).Q 1.25E-01 6.31E-01 
    as.ordered(MineralSubstrate).C 7.80E-01 2.48E-03 
    as.ordered(MineralSubstrate)^4 1.89E-01 4.08E-01 
    Intercept 3.67E+00 2.91E-20 Intercept 2.85E-01     
as.ordered(BedCompaction).L 2.39E+00 3.65E-03 BedCompaction 3.35E-04 linear effect >0.9999 
as.ordered(BedCompaction).Q -1.35E+00 7.25E-02         
as.ordered(BedCompaction).C 4.61E-01 3.99E-01         
as.ordered(BedCompaction)^4 5.67E-02 8.72E-01         
as.ordered(BedCompaction)^5 -2.55E-01 2.51E-01         
Intercept 1.16E+00 1.05E-02 Intercept 4.59E-01 
  as.ordered(SedimentAngularity).L -2.99E-01 6.71E-01 SedimentAngularity 6.88E-07 linear effect >0.9999 
as.ordered(SedimentAngularity).Q -1.99E-01 7.34E-01 
    as.ordered(SedimentAngularity).C 6.97E-01 9.66E-02 
    as.ordered(SedimentAngularity)^4 -6.12E-01 1.85E-02 






Appendix Table 6.4. Estimates and p-values of the fixed effects, variance of the random effects and p-values of the random effect for piercers. 
Only variables with either significant fixed effect or random effect (in bold) are presented.  
Model (Fixed effects) Estimate p-values Random effects Variance Hypothesis testing p-value 
(Intercept)2 2.67E+00 3.09E-06 Intercept 8.96E-01     
Elevation 2.59E-04 8.24E-01 Elevation 3.52E-07 linear effect 8.72E-04 
(Intercept)5 2.04E+00 1.39E-10 Intercept 2.10E-01 
  Velocity 3.36E-01 6.50E-01 Velocity1 1.44E+00 linear effect 9.23E-05 
(Intercept)19 2.03E+00 3.82E-04 Intercept 9.46E-01     
I(Chlorophyll^2) -1.41E-03 5.08E-01 Chlorophyll^21 1.02E-05 quadratic effect 3.91E-02 
(Intercept)23 2.18E+00 8.69E-05 Intercept 5.82E-01 
  Turbidity -4.62E-02 1.12E-01 Turbidity 1.26E-02 linear effect 7.59E-03 
Intercept 2.05E+00 6.21E-05 Intercept 7.26E-01     
as.ordered(Shading).L -2.74E-01 4.80E-01 Shading 1.97E-07 linear effect >0.9999 
as.ordered(Shading).Q -3.61E-01 4.18E-01         
as.ordered(Shading).C -3.49E-01 3.64E-01         
as.ordered(Shading)^4 -1.12E-02 9.67E-01         
as.ordered(Shading)^5 4.60E-01 2.28E-01         
as.ordered(Shading)^6 8.99E-01 1.25E-02         
Intercept 3.99E+00 1.24E-36 Intercept 2.71E-01 
  factor(MainMac)1 -1.59E+00 8.29E-04 MainMac2 1.12E-04 
  factor(MainMac)2 -3.08E-01 2.37E-01 MainMac3 1.13E-07 
  factor(MainMac)3 -5.49E-01 1.32E-01 MainMac4 1.60E-01 factored effect 8.40E-01 
Intercept 2.12E+00 2.93E-05 Intercept 7.30E-01     
as.ordered(Erosion).L 6.44E-02 7.87E-01 Erosion 5.14E-07 linear effect >0.9999 
as.ordered(Erosion).Q 4.37E-01 1.66E-02         
Intercept 1.92E+00 7.64E-04 Intercept 3.61E-07 
  as.ordered(VariationInFlow).L 5.87E-01 5.31E-01 VariationInFlow 2.34E-01 linear effect 1.90E-03 
as.ordered(VariationInFlow).Q 4.35E-01 1.45E-01 
    as.ordered(VariationInFlow).C 4.95E-01 8.54E-02 
    as.ordered(VariationInFlow)^4 4.33E-01 2.52E-02 






Model (Fixed effects) Estimate p-values Random effects Variance Hypothesis testing p-value 
Intercept 3.67E+00 2.91E-20 Intercept 2.85E-01     
as.ordered(BedCompaction).L 2.39E+00 3.65E-03 BedCompaction 3.35E-04 linear effect >0.9999 
as.ordered(BedCompaction).Q -1.35E+00 7.25E-02         
as.ordered(BedCompaction).C 4.61E-01 3.99E-01         
as.ordered(BedCompaction)^4 5.67E-02 8.72E-01         
as.ordered(BedCompaction)^5 -2.55E-01 2.51E-01         
Intercept 2.15E+00 5.55E-04 Intercept 1.04E-06 
  as.ordered(RiffleClass).L 1.60E+00 1.50E-01 RiffleClass 0.077961 linear effect 3.31E-02 
as.ordered(RiffleClass).Q 1.45E-01 8.57E-01 
    as.ordered(RiffleClass).C 4.47E-01 4.42E-01 
    as.ordered(RiffleClass)^4 5.51E-02 8.89E-01 
    as.ordered(RiffleClass)^5 6.36E-02 7.96E-01 
     
Appendix Table 6.5. Estimates and p-values of the fixed effects, variance of the random effects and p-values of the random effect for 
predators. Only variables with either significant fixed effect or random effect (in bold) are presented.  
Model (Fixed effects) Estimate p-values Random effects Variance 
Random effect 
hypothesis testing p-value 
Intercept 2.96E+00 9.73E-36 Intercept 1.05E-01     
Velocity 5.70E-01 1.33E-02 Velocity 5.02E-06 Linear effect >0.9999 
Intercept 3.44E+00 6.10E-38 Intercept 1.87E-01 
  Conductivity^2 -6.79E-06 8.77E-01 Conductivity 1.01E-07 Quadratic effect >0.9999 
Conductivity 1.81E-03 3.60E-02 Conductivity^2 5.78E-09 Linear effect 4.89E-01 
Intercept 3.66E+00 5.80E-06 Intercept 0.21799     
DO^2 1.70E-02 3.10E-01 DO^2 1.13E-07 Quadratic effect >0.9999 
DO -1.93E-01 4.00E-01 DO 0.033259 Linear effect 2.27E-02 
Intercept 3.3249209 3.90E-45 Intercept 0.15148 
  Turbidity^2 -0.001414 7.89E-02 Turbidity^2 1.40E-06 Quadratic effect 9.68E-03 
Intercept 3.54E+00 2.00E-16 Intercept 1.33E-01     






Model (Fixed effects) Estimate p-values Random effects Variance 
Random effect 
hypothesis testing p-value 
AveStreamWidth -4.18E-02 7.50E-02 AveStreamWidth 5.62E-08 Linear effect 3.25E-03 
Intercept 3.62E+00 1.02E-66 Intercept 8.60E-02 
  MeanDepth -1.11E+00 5.42E-04 MeanDepth 9.29E-07 Linear effect >0.9999 
Intercept 3.46E+00 3.72E-32 Intercept 2.12E-01     
factor(MainLandUse)2 -4.95E-02 7.97E-01 MainLandUse2 1.13E-07     
factor(MainLandUse)3 -5.13E-01 1.27E-02 MainLandUse3 2.58E-06     
factor(MainLandUse)4 -2.80E-01 3.57E-01 MainLandUse4 2.89E-04     
factor(MainLandUse)5 -3.39E-01 1.67E-01 MainLandUse5 5.99E-06 Factored effect >0.9999 
Intercept 3.19E+00 1.45E-36 Intercept 1.48E-01 
  as.ordered(Shading).L -2.00E-01 5.37E-01 Shading 1.13E-07 Linear effect >0.9999 
as.ordered(Shading).Q 5.50E-01 1.42E-01 
    as.ordered(Shading).C 5.58E-01 8.36E-02 
    as.ordered(Shading)^4 3.06E-01 1.90E-01 
    as.ordered(Shading)^5 6.76E-02 8.34E-01 
    as.ordered(Shading)^6 6.32E-01 3.74E-02 
    Intercept 3.37E+00 2.10E-30 Intercept 1.72E-01   
as.ordered(Erosion).L 2.43E-01 3.96E-01 Erosion 5.57E-02 Linear effect 2.35E-01 
as.ordered(Erosion).Q 4.01E-01 1.34E-02         
Intercept 3.32E+00 7.53E-36 Intercept 5.87E-02 
  as.ordered(VariationInFlow).L 2.49E-01 5.60E-01 VariationInFlow 3.15E-02 Linear effect 6.32E-02 
as.ordered(VariationInFlow).Q 5.49E-02 8.22E-01 
    as.ordered(VariationInFlow).C 7.34E-01 1.37E-03 
    as.ordered(VariationInFlow)^4 -8.00E-02 6.33E-01 
    Intercept 3.40E+00 4.21E-36 Intercept 1.59E-01 Linear effect >0.9999 
as.ordered(Logs).L 3.43E-01 2.27E-01 Logs 2.34E-06     
as.ordered(Logs).Q 3.90E-01 4.66E-02         
Intercept 3.25E+00 2.41E-30 Intercept 1.78E-01 






Model (Fixed effects) Estimate p-values Random effects Variance 
Random effect 
hypothesis testing p-value 
as.ordered(MineralSubstrate).Q 1.23E-01 4.90E-01 
    as.ordered(MineralSubstrate).C 3.14E-01 6.55E-02 
    as.ordered(MineralSubstrate)^4 3.32E-01 2.69E-02 
    Intercept 3.27E+00 3.07E-35 Intercept 1.71E-01   
as.ordered(BankSlopeDominant).L 4.52E-01 1.69E-01 BankSlopeDominant 1.26E-06 Linear effect >0.9999 
as.ordered(BankSlopeDominant).Q 4.95E-03 9.86E-01         
as.ordered(BankSlopeDominant).C 4.36E-01 4.14E-02         
as.ordered(BankSlopeDominant)^4 2.20E-01 1.31E-01         
Intercept 3.67E+00 2.91E-20 Intercept 2.85E-01 
  as.ordered(BedCompaction).L 2.39E+00 3.65E-03 BedCompaction 3.35E-04 Linear effect >0.9999 
as.ordered(BedCompaction).Q -1.35E+00 7.25E-02 
    as.ordered(BedCompaction).C 4.61E-01 3.99E-01 
    as.ordered(BedCompaction)^4 5.67E-02 8.72E-01 
    as.ordered(BedCompaction)^5 -2.55E-01 2.51E-01 
    Intercept 3.22E+00 1.37E-70 Intercept 7.57E-02   
as.ordered(SedimentMatrix).L -4.73E-02 8.42E-01 SedimentMatrix 1.14E-07 Linear effect >0.9999 
as.ordered(SedimentMatrix).Q -4.83E-01 4.75E-02         
as.ordered(SedimentMatrix).C -2.73E-01 1.03E-01         
as.ordered(SedimentMatrix)^4 -1.56E-01 3.01E-01         
 
Appendix Table 6.6. Estimates and p-values of the fixed effects, variance of the random effects and p-values of the random effect for scrapers. 
Only variables with either significant fixed effect or random effect (in bold) are presented.  
Model (Fixed effects) Estimate p-values Random effects Variance 
Random effect 
hypothesis testing p-value 
Intercept 3.54E+00 7.10E-11 Intercept 1.06E-04     
Elevation^2 -1.08E-06 9.80E-01 Elevation^2 1.01E-07 Quadratic effect >0.9999 
Elevation 2.93E-03 8.60E-02 Elevation 5.64E-09 Linear effect 1.38E-02 







Model (Fixed effects) Estimate p-values Random effects Variance 
Random effect 
hypothesis testing p-value 
Velocity^2 8.26E-01 4.26E-06 Velocity^2 1.30E-07 Quadratic effect >0,9999 
Intercept 1.98E+01 2.40E-08 Intercept 4.74E-05     
Temperature^2 2.37E-02 1.00E-05 Temperature^2 2.63E-04 Quadratic effect 6.39E-01 
Temperature -1.22E+00 1.00E-05 Temperature 1.12E-07 Linear effect >0.9999 
Intercept 5.24E-01 6.84E-01 Intercept 3.44E-01 
  pH 4.91E-01 2.05E-03 pH 1.13E-07 Linear effect >0,9999 
Intercept 3.35E+00 5.71E-11 Intercept 2.14E-01     
DO 1.24E-01 1.93E-02 DO 8.33E-07 Linear effect >0,9999 
Intercept 4.18E+00 2.93E-161 Intercept 1.37E-02 
  COD 9.28E-03 6.34E-01 COD 7.57E-04 Linear effect 2.01E-03 
Intercept 4.23E+00 <2E-16 Intercept 1.93E-01     
Chlorophyll^2 -1.92E-03 9.00E-02 Chlorophyll^2 2.38E-03 Quadratic effect >0.9999 
Chlorophyll 4.92E-02 1.70E-01 Chlorophyll 1.04E-07 Linear effect 5.27E-01 
Intercept 4.38E+00 9.64E-48 Intercept 2.55E-01 
  Ammonium.N^2 -7.02E-01 3.53E-02 Ammonium.N^2 3.05E-06 Quadratic effect >0.9999 
Intercept 4.28E+00 3.06E-46 Intercept 0.25123     
AveStreamWidth^2 1.01E-04 6.60E-01 AveStreamWidth^2 9.6E-08 Quadratic effect 4.16E-04 
Intercept 4.78E+00 1.16E-56 Intercept 2.20E-01 
  MeanDepth -1.46E+00 1.65E-05 MeanDepth 5.64E-05 Linear effect >0.9999 
Intercept 4.20E+00 1.69E-19 Intercept 4.98E-01     
as.ordered(VarInWidth).L -4.38E-01 2.09E-01 VarInWidth 1.30E-02 Linear effect 5.27E-01 
as.ordered(VarInWidth).Q -7.84E-02 7.60E-01         
as.ordered(VarInWidth).C -3.96E-01 4.08E-02         
as.ordered(VarInWidth)^4 -3.37E-01 5.79E-02         
Intercept 4.47E+00 5.90E-45 Intercept 1.63E-01 
  as.ordered(VariationInFlow).L 4.05E-01 3.88E-01 VariationInFlow 2.51E-02 Linear effect 2.54E-01 
as.ordered(VariationInFlow).Q 3.30E-01 2.89E-01 
    as.ordered(VariationInFlow).C 8.03E-01 4.23E-03 






Model (Fixed effects) Estimate p-values Random effects Variance 
Random effect 
hypothesis testing p-value 
as.ordered(VariationInFlow)^4 1.42E-02 9.40E-01 
    Intercept 3.70E+00 2.00E-19 Intercept 2.72E-01   
as.ordered(SludgeLayer).L -1.39E+00 4.21E-03 SludgeLayer 4.99E-02 Linear effect 2.81E-01 
as.ordered(SludgeLayer).Q -2.90E-01 3.03E-01         
as.ordered(SludgeLayer).C 3.73E-01 1.33E-01         
Intercept 4.22E+00 1.90E-15 Intercept 0.55436 
  as.ordered(Twigs).L -4.43E-01 3.56E-01 Twigs 0.24674 Linear effect 5.34E-03 
as.ordered(Twigs).Q -2.83E-01 1.09E-01 
    Intercept 4.35E+00 4.25E-44 Intercept 2.71E-01   
as.ordered(MineralSubstrate).L -5.01E-01 1.29E-02 MineralSubstrate 1.13E-07 Linear effect >0.9999 
as.ordered(MineralSubstrate).Q 1.50E-01 4.63E-01         
as.ordered(MineralSubstrate).C -2.17E-02 9.07E-01         
as.ordered(MineralSubstrate)^4 2.34E-01 1.65E-01         
Intercept 4.33E+00 1.07E-38 Intercept 2.85E-01 
  as.ordered(BankSlopeDominant).L -6.33E-02 8.64E-01 BankSlopeDominant 1.13E-07 Linear effect >0.9999 
as.ordered(BankSlopeDominant).Q 1.32E-01 6.82E-01 
    as.ordered(BankSlopeDominant).C 1.87E-01 4.41E-01 
    as.ordered(BankSlopeDominant)^4 3.22E-01 4.74E-02 
    Intercept 3.67E+00 2.91E-20 Intercept 2.85E-01   
as.ordered(BedCompaction).L 2.39E+00 3.65E-03 BedCompaction 3.35E-04 Linear effect >0.9999 
as.ordered(BedCompaction).Q -1.35E+00 7.25E-02         
as.ordered(BedCompaction).C 4.61E-01 3.99E-01         
as.ordered(BedCompaction)^4 5.67E-02 8.72E-01         
as.ordered(BedCompaction)^5 -2.55E-01 2.51E-01         
Intercept 4.21E+00 9.36E-17 Intercept 1.16E-06 
  as.ordered(RiffleClass).L 3.56E+00 8.31E-04 RiffleClass 4.37E-02 Linear effect 1.57E-01 
as.ordered(RiffleClass).Q -7.47E-01 3.81E-01 
    as.ordered(RiffleClass).C 1.53E+00 1.21E-02 






Model (Fixed effects) Estimate p-values Random effects Variance 
Random effect 
hypothesis testing p-value 
as.ordered(RiffleClass)^4 -7.76E-01 5.80E-02 
    as.ordered(RiffleClass)^5 -1.54E-01 5.40E-01 
    
Appendix Table 6.7. Estimates and p-values of the fixed effects, variance of the random effects and p-values of the random effect for 
shredders. Only variables with either significant fixed effect or random effect (in bold) are presented.  
Model (Fixed effects) Estimate p-values Random effects Variance 
Random effect 
Hypothesis testing p-value 
Intercept 2.86E+00 6.05E-07 Intercept 7.04E-01     
Elevation 2.01E-03 1.36E-03 Elevation 8.77E-08 linear effect >0.9999 
Intercept 3.00E+00 9.47E-10 Intercept 5.71E-01 
  Velocity 1.42E+00 7.94E-05 Velocity 1.17E-05 linear effect >0.9999 
(Intercept)6 1.09E+01 2.20E-04 (Intercept)6 1.23E-05     
I(Temperature^2) 1.19E-02 7.98E-03 Temperature 1.17E-03 quadratic effect 5.60E-04 
Temperature -6.06E-01 8.77E-03 Temperature^2 3.77E-04 linear effect 7.57E-01 
Intercept 6.23E-01 6.15E-01 Intercept 4.61E-01 
  pH 3.51E-01 2.02E-02 pH 1.13E-07 linear effect >0.9999 
Intercept 3.584657 <2e-16 Intercept 4.378     
COD^2 0.000423 0.13 COD^2 5.02E-08 quadratic effect >0.9990 
COD -0.02663 0.14 COD 8.23E-05 linear effect < 2.2e-16 
Intercept 3.79E+00 2.79E-29 Intercept 2.97E-01 
  MeanDepth -1.46E+00 3.39E-06 MeanDepth 7.26E-06 linear effect >0.9999 
Intercept 3.46E+00 1.80E-19 Intercept 3.96E-01     
factor(MainLandUse)2 -2.06E-01 2.71E-01 MainLandUse2 1.03E-04     
factor(MainLandUse)3 -4.40E-01 3.22E-02 MainLandUse3 1.13E-07     
factor(MainLandUse)4 -5.17E-01 4.42E-01 MainLandUse4 9.59E-01     
factor(MainLandUse)5 1.49E-01 5.30E-01 MainLandUse5 1.13E-07 factored effect 6.17E-01 
Intercept 3.35E+00 2.53E-17 Intercept 4.28E-01 






Model (Fixed effects) Estimate p-values Random effects Variance 
Random effect 
Hypothesis testing p-value 
as.ordered(Shading).Q 6.72E-01 6.90E-02 
    as.ordered(Shading).C 5.74E-01 7.26E-02 
    as.ordered(Shading)^4 4.32E-01 6.54E-02 
    as.ordered(Shading)^5 4.40E-01 1.70E-01 
    as.ordered(Shading)^6 6.38E-01 3.45E-02 
    Intercept 3.58E+00 9.28E-21 Intercept 3.87E-01   
factor(BankShapeDominant)2 -4.78E-01 1.42E-01 BankShapeDominant2 1.79E-01     
factor(BankShapeDominant)3 -6.63E-01 2.70E-03 BankShapeDominant3 2.54E-07     
factor(BankShapeDominant)4 -1.39E-01 4.75E-01 BankShapeDominant4 1.23E-07     
factor(BankShapeDominant)5 3.90E-01 5.55E-01 BankShapeDominant5 4.08E-01 factored effect >0.9999 
Intercept 3.67E+00 2.91E-20 Intercept 2.85E-01 
  as.ordered(BedCompaction).L 2.39E+00 3.65E-03 BedCompaction 3.35E-04 linear effect >0.9999 
as.ordered(BedCompaction).Q -1.35E+00 7.25E-02 
    as.ordered(BedCompaction).C 4.61E-01 3.99E-01 
    as.ordered(BedCompaction)^4 5.67E-02 8.72E-01 
    as.ordered(BedCompaction)^5 -2.55E-01 2.51E-01 
    Intercept 3.44E+00 2.72E-18 Intercept 4.44E-01   
as.ordered(SedimentMatrix).L -4.63E-01 4.82E-02 SedimentMatrix 1.13E-07 linear effect >0.9999 
as.ordered(SedimentMatrix).Q 1.84E-01 4.24E-01         
as.ordered(SedimentMatrix).C -4.11E-01 1.33E-02         
as.ordered(SedimentMatrix)^4 2.05E-01 1.59E-01         
Intercept 3.31E+00 2.61E-10 Intercept 6.05E-01 
  as.ordered(RiffleClass).L 2.58E+00 4.91E-03 RiffleClass 1.21E-07 linear effect >0.9999 
as.ordered(RiffleClass).Q -3.08E-01 7.16E-01 
    as.ordered(RiffleClass).C 1.07E+00 7.55E-02 
    as.ordered(RiffleClass)^4 -6.35E-01 8.82E-02 
    as.ordered(RiffleClass)^5 -1.38E-01 5.07E-01 






Appendix Table 6.8. Estimates and p-values of the fixed effects for deposit feeder, filter feeder, parasite, piercer, predator, scraper and 
shredders. For all numeric variables, the model containing both the linear and quadratic terms are based on the mean-centered variables as 
described in the text. The final model is explained in the text. Significant p-values are highlighted and in bold.   
  
Deposit feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
  
Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues 
Model1 
(Intercept) 4.07E+00 1.00E-85 3.32E+00 2.40E-21 1.53E-01 7.08E-01 3.24E+00 5.70E-05 3.56E+00 1.72E-24 4.26E+00 1.26E-90 3.32E+00 2.40E-21 
I(ElevationT^2) -8.80E-07 9.84E-01 7.36E-07 9.86E-01 -2.97E-06 9.46E-01 -4.62E-06 9.16E-01 -1.01E-06 9.81E-01 1.13E-06 9.79E-01 7.36E-07 9.86E-01 
ElevationT 2.45E-03 2.26E-06 4.35E-04 7.30E-01 2.39E-03 4.32E-01 6.85E-04 8.84E-01 8.81E-04 1.13E-01 1.21E-03 1.72E-02 4.35E-04 7.30E-01 
Model2 
(Intercept)1 3.99E+00 1.12E-09 3.05E+00 3.71E-08 1.67E+00 9.93E-02 2.70E+00 1.27E-10 3.40E+00 4.91E-17 4.01E+00 3.14E-38 3.05E+00 3.71E-08 
I(Elevation^2) 6.08E-07 9.89E-01 1.92E-06 9.65E-01 -1.54E-06 9.72E-01 -1.07E-06 9.80E-01 2.93E-07 9.95E-01 1.07E-06 9.80E-01 1.92E-06 9.65E-01 
Model3 
(Intercept)2 3.90E+00 5.84E-06 2.86E+00 6.05E-07 1.42E+00 6.88E-02 2.67E+00 3.09E-06 3.14E+00 8.19E-26 3.84E+00 5.04E-23 2.86E+00 6.05E-07 
Elevation 2.57E-04 8.59E-01 2.01E-03 1.36E-03 -8.24E-04 2.76E-01 2.59E-04 8.24E-01 3.72E-04 3.24E-01 8.18E-04 4.21E-01 2.01E-03 1.36E-03 
Model4 
(Intercept)3 3.90E+00 8.45E-48 3.92E+00 3.86E-20 1.10E+00 5.06E-03 2.23E+00 1.84E-07 3.30E+00 1.18E-59 3.90E+00 2.85E-41 3.40E+00 4.92E-24 
I(VelocityT^2) -4.31E-01 5.36E-01 -1.21E+00 1.09E-01 -1.99E+00 2.28E-01 1.58E-01 8.12E-01 -2.22E-01 6.36E-01 7.65E-01 1.41E-01 -2.94E-01 5.72E-01 
VelocityT 1.43E+00 6.11E-03 1.77E+00 1.52E-05 3.61E-01 5.78E-01 2.18E-01 7.90E-01 6.18E-01 1.34E-02 8.72E-02 9.01E-01 8.24E-01 1.38E-02 
Model5 
(Intercept)4 3.46E+00 5.86E-13 3.46E+00 1.00E-11 8.53E-01 3.93E-02 2.10E+00 2.96E-09 3.12E+00 2.65E-42 3.93E+00 5.02E-63 3.46E+00 1.00E-11 
I(Velocity^2) 1.05E+00 5.80E-02 8.18E-01 1.37E-03 4.00E-01 6.96E-02 3.29E-01 6.07E-01 3.57E-01 3.42E-02 8.26E-01 4.26E-06 8.18E-01 1.37E-03 
Model6 
(Intercept)5 3.13E+00 8.36E-10 3.00E+00 9.47E-10 6.63E-01 1.23E-01 2.04E+00 1.39E-10 2.96E+00 9.73E-36 3.70E+00 2.30E-54 3.00E+00 9.47E-10 
Velocity 1.31E+00 9.10E-03 1.42E+00 7.94E-05 6.57E-01 5.41E-02 3.36E-01 6.50E-01 5.70E-01 1.33E-02 1.07E+00 3.40E-06 1.42E+00 7.94E-05 
Model7 
(Intercept)6 3.45E+00 3.89E-01 3.49E+00 2.12E-10 1.01E+00 3.82E-02 2.22E+00 9.47E-06 3.24E+00 1.43E-37 3.95E+00 1.49E-49 3.17E+00 7.83E-10 
I(TemperatureT^2) -3.36E-04 9.69E-01 9.31E-03 5.57E-01 2.34E-03 7.17E-01 -6.73E-03 4.42E-01 2.69E-03 5.54E-01 2.36E-02 9.34E-06 1.49E-02 2.19E-01 
TemperatureT -1.51E-02 8.97E-01 -2.24E-01 8.93E-03 1.66E-02 6.98E-01 -1.55E-04 9.97E-01 -5.07E-04 9.85E-01 -8.46E-03 7.87E-01 -1.05E-02 7.90E-01 
Model8 
(Intercept)7 3.77E+00 4.18E-03 5.26E+00 3.92E-06 8.27E-01 2.60E-01 2.13E+00 1.22E-03 3.30E+00 2.55E-23 3.94E+00 3.66E-06 3.20E+00 2.49E-15 
I(Temperature^2) -4.79E-04 8.23E-01 -2.78E-03 1.61E-01 3.29E-04 7.00E-01 -7.45E-05 9.05E-01 -3.20E-05 9.60E-01 2.72E-04 8.01E-01 2.03E-04 7.48E-01 
Model9 
(Intercept)8 3.83E+00 1.83E-01 6.66E+00 2.54E-03 6.37E-01 5.92E-01 2.05E+00 3.05E-02 3.31E+00 5.49E-07 3.73E+00 1.88E-02 3.25E+00 2.81E-08 
Temperature -1.55E-02 8.94E-01 -1.25E-01 1.84E-01 1.61E-02 7.06E-01 1.11E-03 9.72E-01 -1.09E-03 9.69E-01 1.51E-02 7.92E-01 3.87E-03 8.89E-01 
Model10 
(Intercept)9 4.03E+00 7.64E-33 3.87E+00 7.38E-11 1.16E+00 4.91E-03 2.15E+00 4.54E-05 3.44E+00 6.10E-38 4.50E+00 3.49E-28 3.37E+00 1.70E-16 
I(ConductivityT^2) -8.15E-06 8.52E-01 -7.26E-06 8.72E-01 -6.81E-06 8.78E-01 -4.09E-06 9.26E-01 -6.79E-06 8.77E-01 -8.03E-06 8.54E-01 -8.99E-07 9.83E-01 
ConductivityT 2.83E-03 6.93E-03 -4.77E-04 8.60E-01 1.43E-03 3.13E-01 2.10E-05 9.83E-01 1.81E-03 3.60E-02 2.59E-03 6.46E-02 1.11E-03 2.19E-01 







Deposit feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
  
Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues 
I(Conductivity^2) -3.22E-09 1.00E+00 -3.06E-06 9.44E-01 -7.85E-07 9.86E-01 -1.56E-06 9.71E-01 -3.78E-07 9.93E-01 8.39E-08 9.98E-01 1.22E-06 9.78E-01 
Model12 
(Intercept)11 3.76E+00 1.53E-40 4.25E+00 1.70E-17 1.07E+00 3.25E-03 2.19E+00 8.27E-05 3.27E+00 1.32E-35 4.21E+00 1.20E-30 3.17E+00 1.66E-15 
Conductivity 4.65E-04 6.23E-01 -2.14E-03 8.88E-02 2.87E-05 9.82E-01 -6.34E-04 3.96E-01 1.24E-04 8.11E-01 7.44E-04 2.24E-01 9.08E-04 5.43E-02 
Model13 
(Intercept)12 3.76E+00 5.40E-19 3.93E+00 1.80E-12 1.02E+00 2.27E-02 3.00E+01 7.07E-02 3.29E+00 4.34E-40 4.30E+00 8.74E-37 3.41E+00 4.05E-18 
I(pHT^2) 2.17E-01 5.58E-01 -4.76E-01 1.67E-01 -9.48E-02 7.84E-01 5.13E-01 6.81E-02 -1.98E-02 9.35E-01 5.58E-02 8.20E-01 -2.73E-01 2.30E-01 
pHT 6.43E-01 5.12E-04 -1.75E-01 7.12E-01 -2.50E-01 5.94E-01 -7.60E+00 7.90E-02 -1.15E-02 9.56E-01 3.59E-01 2.93E-01 2.61E-01 1.12E-01 
Model14 
(Intercept)13 1.50E+00 4.38E-02 3.42E+00 1.57E-03 1.19E+00 2.37E-01 8.87E-01 2.63E-01 3.18E+00 4.42E-08 2.38E+00 1.05E-03 1.98E+00 6.07E-03 
I(pH^2) 3.83E-02 3.21E-04 7.57E-03 6.59E-01 -2.43E-03 8.74E-01 1.95E-02 5.39E-02 1.72E-03 8.68E-01 3.23E-02 2.12E-03 2.25E-02 2.37E-02 
Model15 
(Intercept)14 -6.90E-01 5.97E-01 2.84E+00 1.45E-01 1.38E+00 4.54E-01 -1.76E-01 8.93E-01 3.14E+00 5.82E-03 5.24E-01 6.84E-01 6.23E-01 6.15E-01 
pH 5.80E-01 3.16E-04 1.35E-01 5.91E-01 -4.30E-02 8.52E-01 2.89E-01 6.30E-02 1.85E-02 9.02E-01 4.91E-01 2.05E-03 3.51E-01 2.02E-02 
Model16 
(Intercept)15 3.77E+00 1.14E-31 3.84E+00 5.66E-11 8.12E-01 5.77E-02 2.08E+00 9.29E-05 3.24E+00 2.53E-30 4.28E+00 1.55E-50 3.30E+00 8.57E-19 
I(DOT^2) 2.90E-02 1.49E-01 -8.40E-03 8.12E-01 7.17E-02 1.62E-03 -7.63E-03 7.24E-01 1.04E-02 5.79E-01 2.49E-02 2.06E-01 1.95E-02 2.34E-01 
DOT 1.16E-01 1.74E-01 8.91E-02 5.64E-01 1.46E-01 1.16E-01 9.88E-02 1.94E-01 8.80E-02 4.80E-01 1.67E-01 1.39E-02 9.32E-02 1.55E-01 
Model17 
(Intercept)16 3.61E+00 2.20E-17 3.03E+00 3.10E-15 5.95E-01 6.12E-02 1.84E+00 2.79E-05 3.02E+00 9.24E-41 3.72E+00 4.70E-23 2.99E+00 1.03E-13 
I(DO^2) 3.56E-03 3.91E-01 1.07E-02 2.78E-01 4.44E-03 5.57E-01 4.71E-03 5.37E-01 3.44E-03 5.07E-01 9.37E-03 1.34E-02 5.11E-03 2.61E-01 
Model18 
(Intercept)17 3.62E+00 5.70E-11 2.84E+00 4.70E-06 7.59E-01 1.34E-01 1.32E+00 5.17E-03 3.12E+00 7.12E-17 3.35E+00 5.71E-11 2.77E+00 1.59E-08 
DO 2.86E-02 6.04E-01 1.18E-01 2.53E-01 2.32E-02 7.80E-01 9.95E-02 2.48E-01 1.75E-02 7.56E-01 1.24E-01 1.93E-02 7.02E-02 2.77E-01 
Model19 
(Intercept)18 3.90E+00 3.47E-34 3.97E+00 3.79E-11 1.17E+00 4.00E-03 1.94E+00 5.48E-04 3.39E+00 1.46E-41 4.39E+00 2.86E-58 3.39E+00 2.34E-19 
I(ChlorophyllT^2) -2.26E-03 4.88E-01 -4.07E-03 3.92E-01 -5.69E-03 2.00E-01 -3.67E-03 3.37E-01 -6.40E-03 1.02E-01 -2.93E-03 6.02E-02 -1.39E-03 7.62E-02 
ChlorophyllT 2.61E-02 5.25E-01 2.07E-02 6.71E-01 7.02E-02 1.44E-01 1.39E-02 8.26E-01 3.87E-02 2.71E-01 2.89E-02 4.74E-01 2.54E-02 2.71E-01 
Model20 
(Intercept)19 3.83E+00 7.52E-35 3.95E+00 1.64E-10 1.08E+00 2.38E-02 2.03E+00 3.82E-04 3.30E+00 3.67E-45 4.39E+00 8.78E-44 3.39E+00 1.14E-18 
I(Chlorophyll^2) -4.07E-04 7.91E-01 -1.57E-03 1.31E-01 -6.63E-04 4.53E-01 -1.41E-03 5.08E-01 -1.71E-03 2.91E-01 -5.13E-04 3.74E-01 -5.38E-04 2.51E-01 
Model21 
(Intercept)20 3.82E+00 2.76E-53 4.00E+00 1.63E-10 1.02E+00 2.67E-02 2.02E+00 2.85E-03 3.38E+00 5.14E-36 4.38E+00 4.10E-41 3.38E+00 6.63E-18 
Chlorophyll -1.07E-02 7.89E-01 -2.84E-02 3.12E-01 2.68E-03 9.25E-01 -2.98E-02 5.18E-01 -1.93E-02 3.07E-01 -4.23E-03 8.05E-01 -4.55E-03 7.85E-01 
Model22 
(Intercept)21 3.93E+00 1.35E-40 3.86E+00 1.14E-10 1.08E+00 2.01E-02 1.93E+00 1.95E-05 3.24E+00 2.00E-42 4.38E+00 2.61E-44 3.40E+00 3.68E-19 
I(TurbidityT^2) -4.12E-03 1.92E-01 -1.31E-03 5.37E-01 -1.22E-03 2.35E-01 -1.10E-03 5.53E-01 -7.16E-04 2.67E-01 -1.15E-03 3.44E-01 -1.11E-03 3.35E-01 
TurbidityT 3.29E-02 1.78E-01 -4.44E-02 1.62E-01 1.06E-02 7.31E-01 -1.09E-02 8.76E-01 -2.28E-02 4.81E-01 -1.46E-02 5.29E-01 1.59E-02 4.55E-01 







Deposit feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
  
Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues 
I(Turbidity^2) -1.61E-03 3.42E-01 -2.07E-03 9.68E-02 -6.53E-04 1.21E-01 -1.46E-03 6.01E-02 -1.41E-03 7.89E-02 -1.13E-03 1.15E-01 -1.35E-04 6.99E-01 
Model24 
(Intercept)23 3.88E+00 1.30E-50 4.04E+00 4.52E-11 1.14E+00 2.08E-02 2.18E+00 8.69E-05 3.40E+00 3.22E-55 4.44E+00 1.06E-41 3.36E+00 3.03E-18 
Turbidity -1.46E-02 6.51E-01 -4.21E-02 1.09E-03 -2.04E-02 2.20E-01 -4.62E-02 1.12E-01 -4.02E-02 1.07E-01 -1.88E-02 5.80E-02 2.12E-04 9.82E-01 
Model25 
(Intercept)24 3.72E+00 2.71E-21 3.64E+00 1.01E-11 
  
1.97E+00 1.01E-04 3.27E+00 1.79E-39 4.21E+00 1.20E-42 3.30E+00 4.95E-17 
I(CODT^2) 6.75E-04 4.05E-02 3.85E-04 3.21E-01 
  
2.45E-04 5.23E-01 1.29E-04 6.35E-01 3.49E-04 2.55E-01 3.37E-04 2.43E-01 
CODT -2.14E-02 2.00E-01 -1.17E-03 9.63E-01 
  
-8.25E-03 5.99E-01 -9.75E-04 9.21E-01 -7.06E-03 7.49E-01 -1.59E-02 1.77E-01 
Model26 
(Intercept)25 3.81E+00 7.18E-30 3.73E+00 1.37E-12 8.31E-01 3.79E-02 2.03E+00 2.24E-04 3.25E+00 4.05E-38 4.28E+00 1.42E-60 3.35E+00 2.61E-18 
I(COD^2) 1.08E-04 5.46E-01 2.74E-04 3.63E-01 4.35E-04 1.38E-01 6.03E-05 8.00E-01 8.60E-05 6.34E-01 1.54E-04 5.71E-01 3.97E-05 8.11E-01 
Model27 
(Intercept)26 3.88E+00 1.43E-28 3.52E+00 8.17E-15 7.07E-01 1.51E-01 2.18E+00 6.93E-06 3.24E+00 2.42E-34 4.18E+00 2.93E-161 3.43E+00 1.95E-18 






















-5.58E-02 9.18E-01 -8.90E-01 6.60E-01 
Model29 
(Intercept)27 3.90E+00 1.98E-28 3.97E+00 6.17E-11 1.27E+00 3.82E-02 2.03E+00 1.19E-04 3.31E+00 1.34E-41 4.39E+00 6.09E-44 3.41E+00 5.57E-19 
I(Nitrate.N^2) -1.30E-01 7.47E-01 -4.39E-01 7.59E-02 -1.02E+00 1.95E-01 2.03E-01 5.36E-01 -1.07E-01 5.26E-01 -1.22E-01 5.18E-01 -2.21E-01 1.58E-01 
Model30 
(Intercept)28 3.90E+00 3.09E-26 4.14E+00 1.88E-10 1.40E+00 7.01E-03 1.99E+00 2.47E-04 3.37E+00 1.51E-35 4.44E+00 1.65E-38 3.55E+00 1.31E-18 
Nitrate.N -7.82E-02 8.82E-01 -6.65E-01 2.84E-01 -9.32E-01 3.68E-02 2.01E-01 6.31E-01 -1.89E-01 5.03E-01 -1.81E-01 5.70E-01 -4.93E-01 6.30E-02 
Model31 
(Intercept)29 3.87E+00 5.05E-32 3.86E+00 1.07E-10 1.04E+00 3.30E-02 2.08E+00 3.74E-05 3.45E+00 1.69E-25 4.39E+00 1.25E-47 3.38E+00 2.00E-19 
I(Ammonium.NT^2) -8.83E-01 2.83E-01 5.99E-01 5.60E-01 -8.16E+00 5.05E-02 -1.26E-01 8.82E-01 -5.27E+01 1.13E-01 -9.83E-01 2.48E-01 -8.41E-01 2.93E-01 
Ammonium.NT 1.45E-01 8.93E-01 -7.81E-01 6.28E-01 1.16E+00 7.69E-01 3.78E-01 7.26E-01 1.60E+00 1.36E-01 2.36E-01 8.20E-01 3.22E-01 7.27E-01 
Model32 
(Intercept)30 3.87E+00 3.36E-32 3.87E+00 8.38E-11 1.06E+00 2.12E-02 2.07E+00 3.57E-05 3.27E+00 1.13E-36 4.38E+00 9.64E-48 3.38E+00 1.48E-19 
I(Ammonium.N^2) -6.91E-01 3.66E-02 1.19E-01 7.08E-01 -3.21E-01 5.94E-01 1.36E-01 6.76E-01 3.89E-01 2.71E-01 -7.02E-01 3.53E-02 -5.07E-01 1.21E-01 
Model33 
(Intercept)31 3.78E+00 1.08E-34 3.87E+00 9.28E-11 1.02E+00 3.25E-02 2.06E+00 4.64E-05 3.23E+00 2.36E-34 4.30E+00 4.25E-44 3.40E+00 1.72E-19 
Ammonium.N 1.30E+00 6.19E-01 1.30E-01 8.08E-01 3.25E-01 6.75E-01 2.33E-01 6.10E-01 5.69E-01 1.70E-01 1.13E+00 6.96E-01 -4.94E-01 2.64E-01 
Model34 
(Intercept)35 3.64E+00 2.25E-36 3.82E+00 3.86E-10 6.10E-01 3.58E-02 2.13E+00 1.12E-05 3.09E+00 1.42E-37 4.20E+00 8.44E-61 3.24E+00 8.39E-21 
I(AveStreamWidthT^2) 2.68E-04 2.97E-01 2.63E-04 3.85E-01 4.79E-03 2.93E-01 -2.00E-04 4.03E-01 3.65E-04 1.21E-01 1.76E-04 4.48E-01 3.64E-04 9.41E-02 
AveStreamWidthT -2.19E-02 4.12E-01 2.38E-03 9.08E-01 3.95E-03 8.04E-01 9.17E-03 3.86E-01 -3.02E-02 1.42E-01 -1.57E-02 4.88E-01 -2.46E-02 8.66E-02 







Deposit feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
  
Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues 
I(AveStreamWidth^2) 1.50E-04 3.42E-01 2.17E-04 3.06E-01 1.55E-04 3.16E-01 -3.25E-05 8.38E-01 6.26E-05 6.66E-01 1.01E-04 6.60E-01 3.55E-05 7.93E-01 
Model36 
(Intercept)37 3.74E+00 8.01E-29 3.71E+00 2.79E-11 9.11E-01 7.81E-02 2.09E+00 2.31E-05 3.29E+00 4.60E-63 4.30E+00 2.11E-49 3.38E+00 4.50E-22 
AveStreamWidth 7.89E-03 3.72E-01 1.46E-02 3.34E-01 1.05E-02 1.21E-01 -1.41E-03 8.63E-01 -2.68E-03 7.94E-01 5.07E-04 9.77E-01 -2.62E-03 7.06E-01 
Model37 
(Intercept)38 3.84E+00 1.04E-38 3.89E+00 1.58E-12 1.06E+00 3.84E-02 2.07E+00 1.46E-05 3.25E+00 1.83E-60 4.32E+00 2.80E-51 3.31E+00 6.49E-25 
I(MeanDepthT^2) -1.50E-01 8.48E-01 -6.05E-01 4.24E-01 -9.55E-01 4.00E-01 6.63E-02 9.47E-01 2.69E-01 8.29E-01 1.81E-02 9.83E-01 1.19E-01 8.34E-01 
MeanDepthT -1.12E+00 4.62E-02 -1.05E+00 1.55E-01 6.23E-01 4.72E-01 -5.71E-01 3.93E-01 -1.24E+00 4.64E-02 -1.47E+00 4.62E-03 -1.53E+00 7.55E-04 
Model38 
(Intercept)39 3.97E+00 1.17E-36 4.01E+00 1.42E-12 1.01E+00 4.91E-02 2.15E+00 1.63E-05 3.40E+00 7.42E-57 4.50E+00 3.76E-52 3.48E+00 2.14E-22 
I(MeanDepth^2) -8.53E-01 8.47E-04 -9.91E-01 8.61E-04 1.23E-01 8.32E-01 -4.38E-01 3.36E-01 -7.41E-01 1.23E-03 -1.08E+00 8.95E-06 -9.11E-01 1.69E-05 
Model39 
(Intercept)40 4.21E+00 3.40E-41 4.31E+00 1.96E-14 9.61E-01 5.70E-02 2.24E+00 7.76E-06 3.62E+00 1.02E-66 4.78E+00 1.16E-56 3.79E+00 2.79E-29 
MeanDepth -1.20E+00 1.61E-03 -1.44E+00 8.73E-03 2.61E-01 6.23E-01 -4.93E-01 2.48E-01 -1.11E+00 5.42E-04 -1.46E+00 1.65E-05 -1.46E+00 3.39E-06 
Model40 
(Intercept)41 3.84E+00 2.11E-58 3.85E+00 1.38E-09 3.43E-01 1.58E-01 
  
3.46E+00 3.72E-32 4.29E+00 1.37E-71 3.46E+00 1.80E-19 
factor(MainLandUse)2 -6.16E-02 8.71E-01 3.04E-01 2.98E-01 5.79E-01 3.73E-02 
  
-4.95E-02 7.97E-01 -2.04E-01 5.74E-01 -2.06E-01 2.71E-01 
factor(MainLandUse)3 -6.12E-01 2.61E-01 -3.48E-01 2.54E-01 3.53E-01 4.26E-01 
  
-5.13E-01 1.27E-02 -2.16E-01 6.50E-01 -4.40E-01 3.22E-02 
factor(MainLandUse)4 -1.31E-02 9.77E-01 1.34E-01 7.68E-01 4.52E-01 3.04E-01 
  
-2.80E-01 3.57E-01 4.59E-01 3.28E-01 -5.17E-01 4.42E-01 
factor(MainLandUse)5 3.48E-01 2.66E-01 -5.78E-01 4.24E-01 6.80E-01 5.19E-01 
  
-3.39E-01 1.67E-01 1.16E-01 7.97E-01 1.49E-01 5.30E-01 
Model41 
(Intercept)42 3.59E+00 2.25E-11 3.55E+00 7.95E-11 8.67E-01 5.07E-02 2.05E+00 6.21E-05 3.19E+00 1.45E-36 3.96E+00 3.41E-15 3.35E+00 2.53E-17 
as.ordered(Shading).L -9.29E-01 3.15E-01 -2.01E-01 6.85E-01 -2.16E-01 6.63E-01 -2.74E-01 4.80E-01 -2.00E-01 5.37E-01 -1.16E+00 2.10E-01 9.28E-02 7.73E-01 
as.ordered(Shading).Q 5.42E-01 2.23E-01 8.94E-02 8.75E-01 5.75E-01 3.12E-01 -3.61E-01 4.18E-01 5.50E-01 1.42E-01 5.35E-01 2.16E-01 6.72E-01 6.90E-02 
as.ordered(Shading).C 5.11E-01 2.57E-01 1.11E+00 2.51E-02 5.62E-01 2.48E-01 -3.49E-01 3.64E-01 5.58E-01 8.36E-02 7.94E-01 8.33E-02 5.74E-01 7.26E-02 
as.ordered(Shading)^4 4.43E-01 1.53E-01 -1.08E-01 7.58E-01 6.32E-02 8.64E-01 -1.12E-02 9.67E-01 3.06E-01 1.90E-01 4.64E-01 1.33E-01 4.32E-01 6.54E-02 
as.ordered(Shading)^5 -4.88E-02 8.98E-01 -1.62E-01 7.46E-01 -3.45E-01 4.80E-01 4.60E-01 2.28E-01 6.76E-02 8.34E-01 1.48E-01 6.93E-01 4.40E-01 1.70E-01 
as.ordered(Shading)^6 9.94E-02 7.94E-01 -5.59E-02 9.02E-01 7.20E-01 1.21E-01 8.99E-01 1.25E-02 6.32E-01 3.74E-02 -2.26E-01 5.45E-01 6.38E-01 3.45E-02 
Model42 
(Intercept)43 3.99E+00 1.24E-36 
    
3.99E+00 1.24E-36 
      
factor(MainMac)1 -1.59E+00 8.29E-04 
    
-1.59E+00 8.29E-04 
      
factor(MainMac)2 -3.08E-01 2.37E-01 
    
-3.08E-01 2.37E-01 
      
factor(MainMac)3 -5.49E-01 1.32E-01 
    
-5.49E-01 1.32E-01 
      
Model43 
(Intercept)44 3.97E+00 3.04E-07 
    
3.97E+00 3.04E-07 
      
factor(Valleyform)3 -5.12E-01 5.18E-01 
    
-5.12E-01 5.18E-01 







Deposit feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
  
Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues 
factor(Valleyform)4 -2.58E-01 7.22E-01 
    
-2.58E-01 7.22E-01 
      
factor(Valleyform)5 2.43E-02 9.73E-01 
    
2.43E-02 9.73E-01 
      
factor(Valleyform)6 -2.25E-01 7.64E-01 
    
-2.25E-01 7.64E-01 
      
Model44 
(Intercept)45 4.02E+00 1.03E-25 4.11E+00 1.32E-12 3.81E-01 5.29E-01 1.71E+00 2.77E-11 3.19E+00 3.05E-22 4.79E+00 5.15E-52 3.62E+00 7.96E-18 
factor(Channelform)2 1.25E+00 3.08E-01 5.44E-01 7.34E-01 2.14E+00 1.49E-01 4.89E-01 6.91E-01 3.24E-01 7.63E-01 -9.00E-02 9.39E-01 1.08E+00 3.00E-01 
factor(Channelform)3 -3.13E-01 4.10E-01 1.64E-01 7.39E-01 2.20E-01 7.17E-01 7.35E-01 3.56E-01 -3.74E-01 2.61E-01 -4.09E-02 9.10E-01 -4.92E-01 1.40E-01 
factor(Channelform)4 -9.39E-02 7.44E-01 -2.79E-01 4.57E-01 5.78E-01 1.14E-01 2.71E-01 6.80E-01 1.22E-01 6.20E-01 -4.55E-01 9.34E-02 -2.37E-01 3.19E-01 
factor(Channelform)5 -2.83E-01 4.07E-01 -2.97E-01 5.79E-01 9.09E-01 1.48E-02 4.64E-01 3.49E-01 2.11E-01 4.40E-01 -5.46E-01 1.79E-01 -3.12E-01 2.30E-01 
factor(Channelform)6 -5.11E-01 7.53E-01 -3.49E-01 6.88E-01 1.70E-01 8.55E-01 9.25E-01 3.86E-01 -8.16E-01 4.51E-01 -1.52E+00 2.09E-01 -9.04E-01 4.92E-01 
Model45 
(Intercept)46 3.80E+00 4.06E-12 3.82E+00 7.07E-09 9.02E-01 7.15E-02 2.12E+00 1.97E-05 3.31E+00 5.13E-36 4.20E+00 1.69E-19 3.35E+00 1.53E-12 
as.ordered(VarInWidth).L -1.40E-01 7.18E-01 1.15E-01 7.62E-01 -6.80E-01 8.60E-02 1.93E-01 5.24E-01 5.65E-02 8.27E-01 -4.38E-01 2.09E-01 -2.56E-02 9.31E-01 
as.ordered(VarInWidth).Q -2.76E-02 9.18E-01 5.34E-01 1.14E-01 3.14E-01 3.98E-01 1.28E-01 6.27E-01 7.71E-02 7.36E-01 -7.84E-02 7.60E-01 -8.07E-02 7.29E-01 
as.ordered(VarInWidth).C -2.67E-01 2.00E-01 -5.65E-01 2.65E-02 -2.48E-01 3.42E-01 4.75E-02 8.12E-01 -1.77E-01 3.05E-01 -3.96E-01 4.08E-02 -2.91E-01 1.16E-01 
as.ordered(VarInWidth)^4 -2.74E-01 1.39E-01 -2.95E-01 2.10E-01 4.71E-02 8.45E-01 2.23E-02 9.07E-01 1.17E-01 4.68E-01 -3.37E-01 5.79E-02 5.07E-02 7.53E-01 
Model46 
(Intercept)47 3.96E+00 5.50E-25 3.86E+00 3.34E-09 1.09E+00 2.78E-02 2.12E+00 2.93E-05 3.37E+00 2.10E-30 4.31E+00 2.52E-39 3.42E+00 6.60E-17 
as.ordered(Erosion).L 2.71E-01 3.32E-01 1.88E-02 9.65E-01 8.62E-02 7.76E-01 6.44E-02 7.87E-01 2.43E-01 3.96E-01 -1.08E-01 6.82E-01 1.33E-01 5.14E-01 
as.ordered(Erosion).Q 4.02E-01 6.34E-02 1.16E-01 6.21E-01 3.00E-01 1.89E-01 4.37E-01 1.66E-02 4.01E-01 1.34E-02 -1.96E-01 3.04E-01 2.24E-01 1.46E-01 
Model47 
(Intercept)48 3.66E+00 3.00E-22 3.77E+00 6.18E-09 1.25E+00 1.90E-03 
      
3.13E+00 1.51E-24 
factor(ProfileBankDominant)2 4.67E-01 4.79E-02 4.38E-01 1.59E-01 -1.03E-01 8.15E-01 
      
2.27E-01 5.02E-01 
factor(ProfileBankDominant)3 8.13E-02 7.30E-01 -2.97E-01 3.47E-01 -4.08E-01 3.65E-01 
      
3.28E-01 3.33E-01 
factor(ProfileBankDominant)4 -3.00E-01 3.59E-01 1.05E-01 8.02E-01 -3.28E-01 4.45E-01 
      
1.20E-01 6.69E-01 
Model48 
(Intercept)49 3.95E+00 9.79E-31 3.92E+00 8.85E-11 1.10E+00 8.26E-04 1.92E+00 7.64E-04 3.32E+00 7.53E-36 4.47E+00 5.90E-45 3.43E+00 3.27E-18 
as.ordered(VariationInFlow).L 2.50E-01 3.05E-01 1.09E+00 6.50E-04 -2.25E-01 4.91E-01 5.87E-01 5.31E-01 2.49E-01 5.60E-01 4.05E-01 3.88E-01 3.60E-01 7.94E-02 
as.ordered(VariationInFlow).Q 1.21E-01 6.29E-01 -2.90E-01 3.32E-01 -2.27E-01 4.48E-01 4.35E-01 1.45E-01 5.49E-02 8.22E-01 3.30E-01 2.89E-01 1.32E-01 5.20E-01 
as.ordered(VariationInFlow).C 8.61E-01 4.95E-04 3.43E-01 2.76E-01 1.06E+00 6.67E-04 4.95E-01 8.54E-02 7.34E-01 1.37E-03 8.03E-01 4.23E-03 9.94E-01 1.44E-06 
as.ordered(VariationInFlow)^4 -1.23E-01 5.14E-01 4.89E-02 8.42E-01 -3.93E-01 1.04E-01 4.33E-01 2.52E-02 -8.00E-02 6.33E-01 1.42E-02 9.40E-01 4.97E-02 7.55E-01 
Model49 
(Intercept)50 3.45E+00 1.62E-26 3.56E+00 2.75E-07 9.52E-01 1.09E-01 2.00E+00 1.40E-04 3.26E+00 4.61E-35 3.70E+00 2.00E-19 3.21E+00 1.00E-16 







Deposit feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
  
Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues 
as.ordered(SludgeLayer).Q -1.23E-01 6.60E-01 -7.02E-01 5.84E-02 1.16E-01 7.75E-01 4.56E-01 9.98E-02 4.03E-01 9.23E-02 -2.90E-01 3.03E-01 2.38E-01 3.21E-01 
as.ordered(SludgeLayer).C 3.41E-01 1.88E-01 -5.23E-01 1.22E-01 6.63E-02 8.59E-01 5.16E-01 5.72E-02 3.37E-01 1.39E-01 3.73E-01 1.33E-01 3.92E-01 8.38E-02 
Model50 
(Intercept)51 3.64E+00 5.74E-15 3.81E+00 3.23E-10 9.15E-01 5.54E-02 2.12E+00 3.48E-05 3.39E+00 1.00E-37 4.22E+00 1.90E-15 3.33E+00 2.19E-13 
as.ordered(Twigs).L -6.32E-01 1.01E-01 -1.95E-01 5.53E-01 -3.82E-01 2.86E-01 1.00E-01 6.98E-01 2.73E-01 2.15E-01 -4.43E-01 3.56E-01 -8.86E-02 7.66E-01 
as.ordered(Twigs).Q -3.06E-01 1.01E-01 -8.41E-02 7.30E-01 -9.83E-02 7.00E-01 6.66E-02 7.22E-01 1.29E-01 4.23E-01 -2.83E-01 1.09E-01 -1.03E-01 5.34E-01 
Model51 
(Intercept)52 3.50E+00 1.72E-09 3.77E+00 2.27E-08 8.23E-01 1.40E-01 2.11E+00 4.13E-05 3.37E+00 1.19E-37 4.24E+00 2.05E-29 3.38E+00 4.79E-13 
as.ordered(Branch).L -6.05E-01 2.19E-01 -2.17E-01 6.56E-01 -3.75E-01 4.75E-01 6.38E-02 8.13E-01 2.16E-01 3.60E-01 -2.57E-01 4.80E-01 1.26E-01 6.79E-01 
as.ordered(Branch).Q -4.26E-01 3.21E-02 -1.72E-01 5.63E-01 2.40E-01 3.71E-01 8.70E-02 6.47E-01 2.54E-01 1.15E-01 -1.37E-02 9.47E-01 3.89E-02 8.24E-01 
Model52 
(Intercept)53 3.64E+00 1.07E-29 3.49E+00 5.72E-05 8.43E-01 6.18E-02 2.13E+00 5.24E-05 3.40E+00 4.21E-36 4.23E+00 4.37E-45 3.45E+00 1.40E-18 
as.ordered(Logs).L -3.49E-01 2.86E-01 -5.25E-01 4.96E-01 -1.44E-01 7.35E-01 1.02E-01 7.54E-01 3.43E-01 2.27E-01 -1.24E-01 6.94E-01 2.77E-01 3.28E-01 
as.ordered(Logs).Q 1.75E-01 4.44E-01 -2.14E-01 4.80E-01 6.62E-01 2.95E-02 -1.64E-02 9.44E-01 3.90E-01 4.66E-02 3.88E-01 7.39E-02 3.51E-01 7.46E-02 
Model53 
(Intercept)54 3.77E+00 1.30E-22 3.81E+00 2.70E-10 9.12E-01 3.77E-02 2.07E+00 4.43E-02 3.25E+00 2.41E-30 4.35E+00 4.25E-44 3.37E+00 3.63E-21 
as.ordered(MineralSubstrate).L -3.84E-01 3.90E-01 -6.59E-01 1.32E-02 1.08E-01 6.89E-01 -8.56E-02 8.75E-01 -4.97E-03 9.82E-01 -5.01E-01 1.29E-02 -5.44E-02 8.65E-01 
as.ordered(MineralSubstrate).Q 2.93E-01 1.43E-01 3.10E-01 2.84E-01 1.25E-01 6.31E-01 -6.39E-02 7.63E-01 1.23E-01 4.90E-01 1.50E-01 4.63E-01 -1.36E-02 9.46E-01 
as.ordered(MineralSubstrate).C 3.65E-01 4.68E-02 3.07E-01 2.09E-01 7.80E-01 2.48E-03 -1.01E-01 6.09E-01 3.14E-01 6.55E-02 -2.17E-02 9.07E-01 -6.07E-02 7.50E-01 
as.ordered(MineralSubstrate)^4 4.01E-01 1.63E-02 1.69E-01 4.71E-01 1.89E-01 4.08E-01 7.19E-02 6.77E-01 3.32E-01 2.69E-02 2.34E-01 1.65E-01 1.16E-01 4.53E-01 
Model54 
(Intercept)55 4.23E+00 3.62E-27 4.22E+00 4.28E-11 9.28E-01 4.13E-02 1.97E+00 4.58E-04 
  
4.43E+00 1.15E-252 3.58E+00 9.28E-21 
factor(BankShapeDominant)2 -6.52E-01 9.45E-03 -5.27E-01 1.67E-01 3.48E-01 3.30E-01 -2.05E-01 6.06E-01 
  
-2.76E-01 6.35E-01 -4.78E-01 1.42E-01 
factor(BankShapeDominant)3 -9.76E-01 5.42E-04 -8.21E-01 1.49E-02 -4.83E-01 1.98E-01 2.89E-01 3.69E-01 
  
-5.87E-01 2.83E-01 -6.63E-01 2.70E-03 
factor(BankShapeDominant)4 -3.52E-01 1.20E-01 -3.36E-01 2.63E-01 3.95E-01 2.48E-01 1.95E-01 5.01E-01 
  
1.51E-02 9.67E-01 -1.39E-01 4.75E-01 
factor(BankShapeDominant)5 -5.80E-01 3.52E-01 -1.16E+00 3.20E-01 -1.91E+00 7.00E-02 -1.14E+00 4.34E-01 
  
-1.39E-01 8.10E-01 3.90E-01 5.55E-01 
Model55 
(Intercept)56 3.85E+00 1.09E-26 3.78E+00 5.69E-10 1.07E+00 2.54E-02 2.09E+00 5.35E-05 3.27E+00 3.07E-35 4.33E+00 1.07E-38 3.44E+00 1.44E-18 
as.ordered(BankSlopeDominant).L 8.23E-02 8.30E-01 -1.26E-01 7.98E-01 -2.54E-01 5.97E-01 -1.61E-01 6.90E-01 4.52E-01 1.69E-01 -6.33E-02 8.64E-01 2.52E-01 6.12E-01 
as.ordered(BankSlopeDominant).Q 2.30E-01 4.95E-01 -1.42E-01 7.48E-01 4.83E-01 2.61E-01 1.22E-02 9.73E-01 4.95E-03 9.86E-01 1.32E-01 6.82E-01 3.99E-01 1.97E-01 
as.ordered(BankSlopeDominant).C 3.15E-01 2.04E-01 4.37E-01 1.71E-01 4.61E-01 1.50E-01 -2.02E-01 4.32E-01 4.36E-01 4.14E-02 1.87E-01 4.41E-01 2.53E-01 3.27E-01 




3.67E+00 2.91E-20 3.67E+00 2.91E-20 3.67E+00 2.91E-20 3.67E+00 2.91E-20 3.67E+00 2.91E-20 3.67E+00 2.91E-20 
as.ordered(BedCompaction).L 
  







Deposit feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
  
Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues Estimate pvalues 
as.ordered(BedCompaction).Q 
  
-1.35E+00 7.25E-02 -1.35E+00 7.25E-02 -1.35E+00 7.25E-02 -1.35E+00 7.25E-02 -1.35E+00 7.25E-02 -1.35E+00 7.25E-02 
as.ordered(BedCompaction).C 
  
4.61E-01 3.99E-01 4.61E-01 3.99E-01 4.61E-01 3.99E-01 4.61E-01 3.99E-01 4.61E-01 3.99E-01 4.61E-01 3.99E-01 
as.ordered(BedCompaction)^4 
  
5.67E-02 8.72E-01 5.67E-02 8.72E-01 5.67E-02 8.72E-01 5.67E-02 8.72E-01 5.67E-02 8.72E-01 5.67E-02 8.72E-01 
as.ordered(BedCompaction)^5 
  
-2.55E-01 2.51E-01 -2.55E-01 2.51E-01 -2.55E-01 2.51E-01 -2.55E-01 2.51E-01 -2.55E-01 2.51E-01 -2.55E-01 2.51E-01 
Model57 
(Intercept)57 3.73E+00 8.79E-30 3.82E+00 3.46E-13 8.87E-01 4.56E-02 2.13E+00 4.29E-02 3.22E+00 1.37E-70 4.34E+00 1.53E-61 3.44E+00 2.72E-18 
as.ordered(SedimentMatrix).L -1.04E-02 9.80E-01 -9.75E-01 4.19E-03 3.97E-01 3.28E-01 -3.44E-01 5.48E-01 -4.73E-02 8.42E-01 -3.27E-01 2.17E-01 -4.63E-01 4.82E-02 
as.ordered(SedimentMatrix).Q -4.31E-01 8.73E-02 -6.71E-01 4.98E-02 -6.73E-01 8.54E-02 3.42E-02 9.00E-01 -4.83E-01 4.75E-02 -4.12E-01 1.27E-01 1.84E-01 4.24E-01 
as.ordered(SedimentMatrix).C 2.24E-02 9.08E-01 -4.42E-01 8.48E-02 1.28E-01 6.35E-01 -3.93E-01 6.07E-02 -2.73E-01 1.03E-01 -1.46E-01 4.51E-01 -4.11E-01 1.33E-02 
as.ordered(SedimentMatrix)^4 -3.55E-01 3.71E-02 -1.42E-01 5.34E-01 -2.93E-01 1.81E-01 -8.47E-02 6.25E-01 -1.56E-01 3.01E-01 4.53E-02 7.85E-01 2.05E-01 1.59E-01 
Model58 
(Intercept)58 3.75E+00 1.19E-27 3.59E+00 5.95E-10 1.16E+00 1.05E-02 1.93E+00 3.09E-04 3.36E+00 4.22E-31 4.25E+00 1.45E-39 3.35E+00 2.89E-19 
as.ordered(SedimentAngularity).L -7.83E-01 2.05E-01 -9.44E-01 2.10E-01 -2.99E-01 6.71E-01 4.49E-01 5.08E-01 -2.55E-01 6.32E-01 -1.33E-01 8.24E-01 -2.52E-01 6.53E-01 
as.ordered(SedimentAngularity).Q -5.50E-01 2.56E-01 -1.13E+00 7.02E-02 -1.99E-01 7.34E-01 -3.33E-01 5.64E-01 -4.16E-02 9.25E-01 -7.01E-01 1.35E-01 -3.84E-01 3.59E-01 
as.ordered(SedimentAngularity).C -6.78E-02 8.46E-01 -3.28E-01 4.66E-01 6.97E-01 9.66E-02 3.23E-01 4.19E-01 3.67E-01 2.36E-01 3.66E-01 2.82E-01 3.72E-01 2.17E-01 
as.ordered(SedimentAngularity)^4 -5.24E-02 8.04E-01 -4.04E-01 1.43E-01 -6.12E-01 1.85E-02 1.33E-01 5.52E-01 -3.92E-02 8.36E-01 -3.83E-01 5.90E-02 -2.39E-01 1.79E-01 
Model59 
(Intercept)59 3.67E+00 1.91E-15 1.92E+00 9.58E-01 
  
2.15E+00 5.55E-04 3.24E+00 3.08E-22 4.21E+00 9.36E-17 3.31E+00 2.61E-10 
as.ordered(RiffleClass).L 2.09E+00 2.62E-02 9.31E+00 9.43E-01 
  
1.60E+00 1.50E-01 1.18E+00 1.25E-01 3.56E+00 8.31E-04 2.58E+00 4.91E-03 
as.ordered(RiffleClass).Q -8.26E-01 3.42E-01 -6.42E+00 9.57E-01 
  
1.45E-01 8.57E-01 -1.08E-01 8.80E-01 -7.47E-01 3.81E-01 -3.08E-01 7.16E-01 
as.ordered(RiffleClass).C 7.29E-01 2.46E-01 5.01E+00 9.51E-01 
  
4.47E-01 4.42E-01 7.83E-01 1.34E-01 1.53E+00 1.21E-02 1.07E+00 7.55E-02 
as.ordered(RiffleClass)^4 -8.00E-01 5.07E-02 -1.87E+00 9.64E-01 
  
5.51E-02 8.89E-01 6.84E-02 8.44E-01 -7.76E-01 5.80E-02 -6.35E-01 8.82E-02 
as.ordered(RiffleClass)^5 -2.54E-01 2.96E-01 5.51E-01 9.68E-01 
  








Appendix Table 6.9. Variance and standard deviation (StdDev) of the random effects for deposit feeder, filter feeder, parasite, piercer, 
predator, scraper and shredders. For all numeric variables, the model containing both the linear and quadratic terms are based on the mean-
centered variables as described in the text.  
  
Deposit feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
  
Variance StdDev Variance StdDev Variance StdDev Variance StdDev Variance StdDev Variance StdDev Variance StdDev 
Model1 
(Intercept) 4.53E-05 6.73E-03 2.54E-05 5.04E-03 1.07E-03 3.27E-02 8.96E-01 9.47E-01 1.47E-01 3.83E-01 1.06E-04 1.03E-02 2.54E-05 5.04E-03 
Elevation 9.26E-08 3.04E-04 2.29E-06 1.51E-03 2.51E-05 5.01E-03 3.52E-07 5.93E-04 9.12E-08 3.02E-04 1.01E-07 3.18E-04 2.29E-06 1.51E-03 
Elevation^2 5.69E-09 7.54E-05 5.64E-09 7.51E-05 5.65E-09 7.52E-05 5.64E-09 7.51E-05 5.61E-09 7.49E-05 5.64E-09 7.51E-05 5.64E-09 7.51E-05 
Model2 
(Intercept)1 1.13E+00 1.06E+00 7.39E-01 8.60E-01 2.80E+00 1.67E+00 4.07E-01 6.38E-01 3.72E-01 6.10E-01 2.10E-01 4.58E-01 7.39E-01 8.60E-01 
Elevation^21 5.62E-09 7.49E-05 5.64E-09 7.51E-05 5.61E-09 7.49E-05 5.61E-09 7.49E-05 5.60E-09 7.49E-05 5.63E-09 7.50E-05 5.64E-09 7.51E-05 
Model3 
(Intercept)2 1.69E+00 1.30E+00 7.04E-01 8.39E-01 1.43E+00 1.19E+00 5.82E-01 7.63E-01 1.78E-01 4.22E-01 3.05E-01 5.52E-01 7.04E-01 8.39E-01 
Elevation1 5.01E-06 2.24E-03 8.77E-08 2.96E-04 9.22E-08 3.04E-04 3.10E-06 1.76E-03 7.27E-08 2.70E-04 1.17E-06 1.08E-03 8.77E-08 2.96E-04 
Model4 
(Intercept)3 1.85E-01 4.30E-01 4.86E-01 6.97E-01 4.03E-01 6.35E-01 5.09E-01 7.13E-01 9.69E-02 3.11E-01 1.26E-01 3.55E-01 3.13E-01 5.60E-01 
Velocity 5.54E-01 7.44E-01 1.89E-05 4.34E-03 6.27E-01 7.92E-01 1.74E+00 1.32E+00 1.38E-07 3.71E-04 6.33E-07 7.95E-04 1.21E-01 3.48E-01 
Velocity^2 5.83E-06 2.41E-03 2.84E-06 1.68E-03 9.57E-01 9.78E-01 4.09E-06 2.02E-03 2.27E-06 1.51E-03 1.21E-06 1.10E-03 6.64E-07 8.15E-04 
Model5 
(Intercept)4 6.50E-01 8.06E-01 7.04E-01 8.39E-01 4.52E-01 6.72E-01 3.26E-01 5.71E-01 1.26E-01 3.54E-01 1.29E-01 3.59E-01 7.04E-01 8.39E-01 
Velocity^21 7.74E-01 8.80E-01 3.26E-04 1.80E-02 9.24E-07 9.61E-04 1.10E+00 1.05E+00 4.40E-06 2.10E-03 1.30E-07 3.61E-04 3.26E-04 1.80E-02 
Model6 
(Intercept)5 6.91E-01 8.31E-01 5.71E-01 7.55E-01 4.12E-01 6.42E-01 2.10E-01 4.59E-01 1.05E-01 3.23E-01 1.04E-01 3.23E-01 5.71E-01 7.55E-01 
Velocity1 5.59E-01 7.47E-01 1.17E-05 3.43E-03 5.52E-06 2.35E-03 1.44E+00 1.20E+00 5.02E-06 2.24E-03 8.11E-06 2.85E-03 1.17E-05 3.43E-03 
Model7 
(Intercept)6 2.31E+01 4.80E+00 1.03E-05 3.20E-03 6.50E-01 8.06E-01 7.13E-01 8.45E-01 1.53E-06 1.23E-03 4.74E-05 6.89E-03 1.23E-05 3.51E-03 
Temperature 3.79E-02 1.95E-01 1.26E-03 3.56E-02 1.13E-07 3.35E-04 1.35E-07 3.68E-04 2.44E-04 1.56E-02 2.63E-04 1.62E-02 1.17E-03 3.42E-02 
Temperature^2 1.12E-07 3.35E-04 5.37E-04 2.32E-02 1.12E-07 3.35E-04 1.37E-04 1.17E-02 1.12E-07 3.35E-04 1.12E-07 3.35E-04 3.77E-04 1.94E-02 
Model8 
(Intercept)7 4.69E+00 2.17E+00 2.84E+00 1.68E+00 6.56E-01 8.10E-01 8.04E-01 8.97E-01 7.27E-06 2.70E-03 1.70E+00 1.30E+00 1.60E-01 4.00E-01 
Temperature^21 1.25E-05 3.53E-03 9.21E-06 3.03E-03 1.01E-07 3.17E-04 8.43E-08 2.90E-04 4.06E-07 6.38E-04 2.49E-06 1.58E-03 4.28E-07 6.54E-04 
Model9 
(Intercept)8 2.28E+01 4.78E+00 1.04E+01 3.22E+00 6.68E-01 8.17E-01 7.27E-01 8.53E-01 9.68E-05 9.84E-03 5.63E+00 2.37E+00 7.73E-05 8.79E-03 
Temperature1 3.75E-02 1.94E-01 2.00E-02 1.41E-01 6.34E-07 7.96E-04 1.27E-06 1.13E-03 2.66E-04 1.63E-02 7.13E-03 8.44E-02 6.77E-04 2.60E-02 
Model10 
(Intercept)9 3.05E-01 5.52E-01 9.69E-01 9.84E-01 4.49E-01 6.70E-01 7.96E-01 8.92E-01 1.87E-01 4.32E-01 4.28E-01 6.54E-01 4.73E-01 6.88E-01 
Conductivity 1.04E-07 3.23E-04 1.54E-05 3.93E-03 1.06E-07 3.26E-04 1.10E-07 3.31E-04 1.01E-07 3.18E-04 1.73E-06 1.32E-03 1.03E-07 3.22E-04 
Conductivity^2 5.69E-09 7.54E-05 6.04E-09 7.77E-05 5.79E-09 7.61E-05 5.73E-09 7.57E-05 5.78E-09 7.61E-05 5.70E-09 7.55E-05 5.64E-09 7.51E-05 







Deposit feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
  
Variance StdDev Variance StdDev Variance StdDev Variance StdDev Variance StdDev Variance StdDev Variance StdDev 
Conductivity^21 5.62E-09 7.50E-05 5.63E-09 7.51E-05 5.61E-09 7.49E-05 5.62E-09 7.50E-05 5.61E-09 7.49E-05 5.61E-09 7.49E-05 5.61E-09 7.49E-05 
Model12 
(Intercept)11 1.73E-01 4.16E-01 6.46E-01 8.04E-01 2.92E-01 5.41E-01 8.75E-01 9.35E-01 1.64E-01 4.05E-01 3.45E-01 5.87E-01 4.39E-01 6.62E-01 
Conductivity1 1.54E-06 1.24E-03 2.96E-06 1.72E-03 2.97E-06 1.72E-03 6.30E-07 7.94E-04 9.33E-08 3.05E-04 1.06E-07 3.25E-04 8.08E-08 2.84E-04 
Model13 
(Intercept)12 5.04E-01 7.10E-01 8.81E-01 9.38E-01 5.48E-01 7.40E-01 6.47E-01 8.04E-01 1.60E-01 4.00E-01 3.17E-01 5.63E-01 4.41E-01 6.64E-01 
pH 3.48E-06 1.86E-03 4.33E-01 6.58E-01 4.33E-01 6.58E-01 4.92E-07 7.02E-04 4.99E-02 2.23E-01 1.66E-01 4.07E-01 1.84E-06 1.36E-03 
pH^2 1.54E-01 3.92E-01 1.89E-04 1.37E-02 2.96E-06 1.72E-03 1.12E-07 3.35E-04 1.01E-06 1.01E-03 1.28E-07 3.58E-04 2.54E-05 5.04E-03 
Model14 
(Intercept)13 3.89E-01 6.23E-01 7.34E-01 8.57E-01 5.57E-01 7.46E-01 7.30E-01 8.54E-01 9.73E-05 9.86E-03 3.47E-01 5.89E-01 4.61E-01 6.79E-01 
pH^21 1.12E-07 3.35E-04 1.28E-04 1.13E-02 3.18E-05 5.63E-03 1.12E-07 3.35E-04 4.71E-05 6.86E-03 1.12E-07 3.35E-04 1.12E-07 3.35E-04 
Model15 
(Intercept)14 3.82E-01 6.18E-01 5.45E-01 7.38E-01 6.00E-01 7.75E-01 7.33E-01 8.56E-01 3.28E-05 5.73E-03 3.44E-01 5.86E-01 4.61E-01 6.79E-01 
pH1 5.29E-06 2.30E-03 9.00E-03 9.49E-02 2.17E-04 1.47E-02 1.22E-07 3.50E-04 2.81E-03 5.30E-02 1.13E-07 3.35E-04 1.13E-07 3.35E-04 
Model16 
(Intercept)15 2.84E-01 5.33E-01 9.74E-01 9.87E-01 5.07E-01 7.12E-01 8.20E-01 9.05E-01 2.18E-01 4.67E-01 2.21E-01 4.70E-01 3.98E-01 6.31E-01 
DO 1.23E-07 3.51E-04 3.44E-02 1.86E-01 1.48E-05 3.85E-03 1.06E-05 3.26E-03 3.33E-02 1.82E-01 3.37E-07 5.81E-04 7.56E-07 8.69E-04 
DO^2 1.12E-07 3.35E-04 2.39E-07 4.89E-04 1.12E-07 3.35E-04 1.12E-07 3.35E-04 1.13E-07 3.35E-04 1.12E-07 3.35E-04 1.17E-07 3.41E-04 
Model17 
(Intercept)16 2.91E-01 5.39E-01 2.06E-05 4.54E-03 1.19E-06 1.09E-03 2.43E-01 4.93E-01 4.68E-07 6.84E-04 2.12E-01 4.60E-01 2.58E-01 5.08E-01 
DO^21 1.12E-07 3.35E-04 1.98E-04 1.41E-02 1.07E-04 1.04E-02 1.06E-04 1.03E-02 4.89E-05 6.99E-03 1.12E-07 3.34E-04 1.86E-05 4.32E-03 
Model18 
(Intercept)17 3.05E-01 5.52E-01 3.51E-06 1.87E-03 3.02E-05 5.49E-03 6.38E-05 7.99E-03 1.35E-07 3.67E-04 2.14E-01 4.62E-01 1.27E-01 3.56E-01 
DO1 1.25E-07 3.53E-04 1.43E-02 1.20E-01 9.06E-03 9.52E-02 1.21E-02 1.10E-01 3.25E-03 5.70E-02 8.33E-07 9.13E-04 3.78E-03 6.15E-02 
Model19 
(Intercept)18 2.66E-01 5.16E-01 1.01E+00 1.01E+00 4.36E-01 6.61E-01 9.00E-01 9.49E-01 1.61E-01 4.01E-01 1.93E-01 4.39E-01 4.11E-01 6.41E-01 
Chlorophyll 1.97E-06 1.40E-03 6.05E-06 2.46E-03 1.13E-07 3.35E-04 6.17E-03 7.85E-02 9.01E-07 9.49E-04 2.38E-03 4.88E-02 2.68E-06 1.64E-03 
Chlorophyll^2 4.88E-06 2.21E-03 1.11E-07 3.34E-04 1.11E-07 3.34E-04 1.11E-07 3.34E-04 1.38E-05 3.72E-03 1.04E-07 3.23E-04 8.34E-08 2.89E-04 
Model20 
(Intercept)19 2.63E-01 5.13E-01 1.10E+00 1.05E+00 6.45E-01 8.03E-01 9.46E-01 9.73E-01 1.44E-01 3.80E-01 2.79E-01 5.28E-01 4.26E-01 6.53E-01 
Chlorophyll^21 4.94E-06 2.22E-03 1.08E-07 3.28E-04 1.05E-07 3.25E-04 1.02E-05 3.19E-03 4.57E-06 2.14E-03 9.00E-08 3.00E-04 7.77E-08 2.79E-04 
Model21 
(Intercept)20 1.40E-01 3.74E-01 1.08E+00 1.04E+00 5.38E-01 7.33E-01 1.31E+00 1.14E+00 1.79E-01 4.24E-01 2.82E-01 5.31E-01 4.28E-01 6.54E-01 
Chlorophyll1 3.61E-03 6.01E-02 2.77E-04 1.67E-02 3.38E-04 1.84E-02 4.86E-03 6.97E-02 1.12E-07 3.34E-04 1.12E-07 3.35E-04 1.12E-07 3.35E-04 
Model22 
(Intercept)21 2.35E-01 4.85E-01 1.03E+00 1.02E+00 6.10E-01 7.81E-01 5.82E-01 7.63E-01 1.52E-01 3.90E-01 2.72E-01 5.22E-01 4.13E-01 6.43E-01 
Turbidity 1.13E-07 3.35E-04 1.18E-07 3.44E-04 4.18E-04 2.04E-02 1.26E-02 1.12E-01 2.05E-03 4.53E-02 1.13E-07 3.35E-04 1.12E-07 3.35E-04 
Turbidity^2 2.36E-05 4.85E-03 2.71E-06 1.65E-03 8.97E-08 3.00E-04 6.18E-06 2.49E-03 9.00E-08 3.00E-04 1.42E-06 1.19E-03 9.79E-07 9.89E-04 







Deposit feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
  
Variance StdDev Variance StdDev Variance StdDev Variance StdDev Variance StdDev Variance StdDev Variance StdDev 
Turbidity^21 6.70E-06 2.59E-03 2.21E-06 1.49E-03 7.92E-08 2.81E-04 1.01E-06 1.00E-03 1.40E-06 1.18E-03 8.67E-07 9.31E-04 8.53E-08 2.92E-04 
Model24 
(Intercept)23 1.68E-01 4.10E-01 1.08E+00 1.04E+00 6.74E-01 8.21E-01 8.97E-01 9.47E-01 1.20E-01 3.46E-01 2.99E-01 5.46E-01 4.25E-01 6.52E-01 
Turbidity1 2.20E-03 4.69E-02 1.12E-07 3.35E-04 1.12E-07 3.35E-04 1.94E-03 4.41E-02 1.42E-03 3.77E-02 1.12E-07 3.35E-04 1.12E-07 3.35E-04 
Model25 
(Intercept)24 4.26E-01 6.53E-01 7.69E-01 8.77E-01     7.03E-01 8.38E-01 1.67E-01 4.09E-01 2.43E-01 4.93E-01 4.38E-01 6.62E-01 
COD 4.18E-04 2.05E-02 1.04E-03 3.23E-02     2.35E-04 1.53E-02 1.33E-07 3.64E-04 1.04E-03 3.23E-02 8.23E-05 9.07E-03 
COD1 5.80E-08 2.41E-04 6.35E-08 2.52E-04     6.79E-08 2.61E-04 4.55E-08 2.13E-04 5.68E-08 2.38E-04 5.02E-08 2.24E-04 
Model26 
(Intercept)25 3.10E-01 5.56E-01 7.63E-01 8.74E-01 4.16E-01 6.45E-01 8.67E-01 9.31E-01 1.66E-01 4.07E-01 1.65E-01 4.06E-01 4.19E-01 6.47E-01 
COD^2 3.59E-08 1.90E-04 1.02E-07 3.20E-04 8.27E-08 2.88E-04 6.47E-08 2.54E-04 3.85E-08 1.96E-04 9.74E-08 3.12E-04 3.32E-08 1.82E-04 
Model27 
(Intercept)26 3.26E-01 5.71E-01 4.58E-01 6.77E-01 4.43E-01 6.66E-01 6.38E-01 7.98E-01 1.69E-01 4.11E-01 1.37E-02 1.17E-01 4.23E-01 6.50E-01 






















2.22E-07 4.71E-04 6.92E+00 2.63E+00 
Model29 
(Intercept)27 3.38E-01 5.82E-01 1.06E+00 1.03E+00 1.07E+00 1.03E+00 7.94E-01 8.91E-01 1.61E-01 4.01E-01 2.75E-01 5.24E-01 4.21E-01 6.49E-01 
Nitrate.N^2 2.53E-01 5.03E-01 4.62E-05 6.79E-03 1.24E+00 1.11E+00 4.84E-02 2.20E-01 8.71E-06 2.95E-03 5.60E-07 7.48E-04 3.45E-06 1.86E-03 
Model30 
(Intercept)28 3.06E-01 5.53E-01 1.05E+00 1.03E+00 6.87E-01 8.29E-01 7.83E-01 8.85E-01 1.65E-01 4.06E-01 2.82E-01 5.31E-01 4.39E-01 6.63E-01 
Nitrate.N 3.58E-01 5.99E-01 8.24E-02 2.87E-01 2.20E-04 1.48E-02 5.20E-02 2.28E-01 1.53E-05 3.91E-03 1.18E-05 3.44E-03 1.16E-05 3.40E-03 
Model31 
(Intercept)29 3.02E-01 5.50E-01 1.03E+00 1.02E+00 6.49E-01 8.05E-01 7.42E-01 8.62E-01 3.03E-01 5.50E-01 2.54E-01 5.04E-01 4.06E-01 6.37E-01 
Ammonium.N 1.46E-07 3.82E-04 7.21E-05 8.49E-03 2.67E+01 5.17E+00 1.01E-03 3.18E-02 8.58E-04 2.93E-02 3.79E-07 6.15E-04 1.59E-06 1.26E-03 
Ammonium.N^2 1.12E-05 3.35E-03 1.13E-07 3.35E-04 1.83E-04 1.35E-02 1.12E-07 3.35E-04 2.38E+03 4.88E+01 4.87E-06 2.21E-03 2.38E-06 1.54E-03 
Model32 
(Intercept)30 3.02E-01 5.49E-01 1.03E+00 1.02E+00 5.99E-01 7.74E-01 7.34E-01 8.56E-01 1.85E-01 4.30E-01 2.55E-01 5.05E-01 4.03E-01 6.35E-01 
Ammonium.N^21 1.36E-05 3.69E-03 1.86E-06 1.36E-03 5.92E-05 7.69E-03 3.11E-05 5.58E-03 2.03E-07 4.50E-04 3.05E-06 1.75E-03 1.13E-07 3.35E-04 
Model33 
(Intercept)31 1.97E-01 4.44E-01 1.03E+00 1.01E+00 6.31E-01 7.94E-01 7.39E-01 8.60E-01 1.91E-01 4.37E-01 1.80E-01 4.24E-01 4.07E-01 6.38E-01 
Ammonium.N1 4.56E+00 2.13E+00 1.22E-04 1.10E-02 2.62E-03 5.12E-02 1.21E-06 1.10E-03 4.08E-06 2.02E-03 3.68E+00 1.92E+00 8.45E-05 9.19E-03 
Model34 
(Intercept)35 1.61E-01 4.01E-01 1.06E+00 1.03E+00 1.19E-01 3.45E-01 6.76E-01 8.22E-01 1.33E-01 3.65E-01 1.50E-01 3.87E-01 3.31E-01 5.76E-01 
AveStreamWidth 1.04E-03 3.22E-02 6.22E-04 2.49E-02 1.12E-07 3.35E-04 4.50E-07 6.71E-04 8.14E-04 2.85E-02 9.47E-04 3.08E-02 2.15E-04 1.46E-02 
AveStreamWidth^2 4.80E-08 2.19E-04 5.54E-08 2.35E-04 4.59E-05 6.78E-03 3.62E-08 1.90E-04 5.62E-08 2.37E-04 4.47E-08 2.11E-04 3.96E-08 1.99E-04 







Deposit feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
  
Variance StdDev Variance StdDev Variance StdDev Variance StdDev Variance StdDev Variance StdDev Variance StdDev 
AveStreamWidth^21 4.02E-08 2.00E-04 6.52E-08 2.55E-04 3.02E-08 1.74E-04 3.56E-08 1.89E-04 3.38E-08 1.84E-04 9.60E-08 3.10E-04 2.97E-08 1.72E-04 
Model36 
(Intercept)37 3.07E-01 5.54E-01 8.77E-01 9.37E-01 7.51E-01 8.66E-01 6.96E-01 8.34E-01 9.36E-02 3.06E-01 2.26E-01 4.75E-01 3.46E-01 5.88E-01 
AveStreamWidth1 9.74E-05 9.87E-03 3.56E-04 1.89E-02 1.12E-07 3.35E-04 4.55E-05 6.74E-03 1.53E-04 1.24E-02 6.32E-04 2.51E-02 5.74E-05 7.58E-03 
Model37 
(Intercept)38 2.34E-01 4.84E-01 8.68E-01 9.32E-01 7.28E-01 8.53E-01 6.52E-01 8.08E-01 8.36E-02 2.89E-01 2.20E-01 4.69E-01 2.92E-01 5.41E-01 
MeanDepth 6.40E-07 8.00E-04 1.32E-06 1.15E-03 5.47E-01 7.40E-01 1.77E-01 4.20E-01 1.17E-07 3.42E-04 8.94E-06 2.99E-03 3.73E-07 6.11E-04 
MeanDepth^3 6.44E-06 2.54E-03 3.90E-05 6.24E-03 1.42E-06 1.19E-03 2.10E-04 1.45E-02 2.86E-02 1.69E-01 3.86E-05 6.21E-03 5.87E-06 2.42E-03 
Model38 
(Intercept)39 2.71E-01 5.20E-01 9.24E-01 9.61E-01 7.37E-01 8.58E-01 7.14E-01 8.45E-01 1.18E-01 3.44E-01 2.41E-01 4.91E-01 3.66E-01 6.05E-01 
MeanDepth^2 1.35E-06 1.16E-03 1.13E-07 3.36E-04 2.72E-01 5.22E-01 1.83E-01 4.28E-01 7.45E-07 8.63E-04 1.70E-06 1.30E-03 2.49E-06 1.58E-03 
Model39 
(Intercept)40 2.30E-01 4.80E-01 8.26E-01 9.09E-01 6.42E-01 8.01E-01 6.82E-01 8.26E-01 8.60E-02 2.93E-01 2.20E-01 4.69E-01 2.97E-01 5.45E-01 
MeanDepth1 3.55E-06 1.88E-03 8.69E-05 9.32E-03 9.99E-03 9.99E-02 6.85E-02 2.62E-01 9.29E-07 9.64E-04 5.64E-05 7.51E-03 7.26E-06 2.69E-03 
Model40 
(Intercept)41 1.06E-01 3.26E-01 1.11E+00 1.05E+00 7.56E-02 2.75E-01 
  
2.12E-01 4.61E-01 1.14E-01 3.38E-01 3.96E-01 6.29E-01 
MainLandUse2 2.65E-01 5.15E-01 6.14E-07 7.84E-04 1.26E-06 1.12E-03 
  
1.13E-07 3.35E-04 2.44E-01 4.94E-01 1.03E-04 1.01E-02 
MainLandUse3 5.77E-01 7.60E-01 1.47E-05 3.83E-03 1.71E-01 4.14E-01 
  
2.58E-06 1.61E-03 4.35E-01 6.60E-01 1.13E-07 3.36E-04 
MainLandUse4 1.24E-01 3.52E-01 2.60E-06 1.61E-03 1.13E-07 3.36E-04 
  
2.89E-04 1.70E-02 1.79E-01 4.23E-01 9.59E-01 9.79E-01 
MainLandUse5 1.49E-05 3.86E-03 6.18E-01 7.86E-01 1.80E+00 1.34E+00 
  
5.99E-06 2.45E-03 1.49E-01 3.86E-01 1.13E-07 3.35E-04 
Model41 
(Intercept)42 3.94E-01 6.28E-01 7.93E-01 8.91E-01 4.89E-01 7.00E-01 7.26E-01 8.52E-01 1.48E-01 3.84E-01 3.07E-01 5.54E-01 4.28E-01 6.54E-01 
Shading 4.16E-02 2.04E-01 2.49E-07 4.99E-04 1.13E-07 3.36E-04 1.97E-07 4.43E-04 1.13E-07 3.37E-04 4.13E-02 2.03E-01 3.37E-07 5.81E-04 
Model42 
(Intercept)43 2.71E-01 5.21E-01 
    
2.71E-01 5.21E-01 
      MainMac2 1.12E-04 1.06E-02 
    
1.12E-04 1.06E-02 
      MainMac3 1.13E-07 3.36E-04 
    
1.13E-07 3.36E-04 
      MainMac4 1.60E-01 4.00E-01 
    
1.60E-01 4.00E-01 
      
Model43 
(Intercept)44 3.06E-01 5.53E-01         3.06E-01 5.53E-01             
Valleyform3 1.11E-01 3.33E-01         1.11E-01 3.33E-01             
Valleyform4 1.12E-07 3.35E-04         1.12E-07 3.35E-04             
Valleyform5 1.13E-07 3.35E-04         1.13E-07 3.35E-04             
Valleyform6 3.70E-04 1.92E-02         3.70E-04 1.92E-02             
Model44 
(Intercept)45 2.42E-01 4.91E-01 6.70E-01 8.19E-01 7.73E-01 8.79E-01 1.12E-07 3.35E-04 1.79E-01 4.23E-01 1.21E-01 3.48E-01 3.93E-01 6.27E-01 







Deposit feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
  
Variance StdDev Variance StdDev Variance StdDev Variance StdDev Variance StdDev Variance StdDev Variance StdDev 
Channelform3 3.35E-05 5.79E-03 1.27E-04 1.13E-02 2.73E-01 5.22E-01 1.35E+00 1.16E+00 1.96E-06 1.40E-03 2.60E-05 5.10E-03 4.57E-03 6.76E-02 
Channelform4 1.13E-07 3.35E-04 1.12E-07 3.35E-04 9.04E-06 3.01E-03 1.05E+00 1.03E+00 3.21E-07 5.67E-04 1.13E-07 3.35E-04 1.12E-07 3.35E-04 
Channelform5 1.02E-01 3.19E-01 4.39E-01 6.62E-01 1.49E-05 3.86E-03 4.76E-01 6.90E-01 4.02E-02 2.01E-01 2.70E-01 5.19E-01 2.95E-02 1.72E-01 
Channelform6 4.10E+00 2.02E+00 2.89E-04 1.70E-02 8.71E-06 2.95E-03 1.29E+00 1.13E+00 1.50E+00 1.22E+00 1.93E+00 1.39E+00 2.56E+00 1.60E+00 
Model45 
(Intercept)46 6.89E-01 8.30E-01 1.25E+00 1.12E+00 6.91E-01 8.31E-01 7.06E-01 8.40E-01 1.83E-01 4.28E-01 4.98E-01 7.06E-01 5.99E-01 7.74E-01 
VarInWidth 1.94E-02 1.39E-01 1.82E-06 1.35E-03 1.15E-07 3.39E-04 1.31E-07 3.61E-04 1.13E-07 3.37E-04 1.30E-02 1.14E-01 5.40E-03 7.35E-02 
Model46 
(Intercept)47 3.89E-01 6.24E-01 1.07E+00 1.04E+00 6.70E-01 8.19E-01 7.30E-01 8.54E-01 1.72E-01 4.15E-01 2.69E-01 5.18E-01 4.71E-01 6.86E-01 
Erosion 4.27E-03 6.53E-02 1.33E-01 3.64E-01 3.37E-05 5.80E-03 5.14E-07 7.17E-04 5.57E-02 2.36E-01 8.52E-03 9.23E-02 9.90E-06 3.15E-03 
Model47 
(Intercept)48 3.20E-01 5.65E-01 1.08E+00 1.04E+00 2.99E-01 5.47E-01   6.01E-04         1.74E-01 4.17E-01 
ProfileBankDominant2 5.55E-07 7.45E-04 1.12E-07 3.35E-04 3.01E-01 5.48E-01   4.84E-01         1.93E-01 4.40E-01 
ProfileBankDominant3 1.13E-07 3.35E-04 1.21E-06 1.10E-03 3.15E-01 5.61E-01   8.74E-01         1.83E-01 4.27E-01 
ProfileBankDominant4 1.12E-05 3.34E-03 6.48E-05 8.05E-03 1.73E-04 1.32E-02   3.76E-04         3.90E-05 6.25E-03 
Model48 
(Intercept)49 3.23E-01 5.68E-01 1.05E+00 1.02E+00 2.81E-01 5.31E-01 3.61E-07 8.59E-01 5.87E-02 2.42E-01 1.63E-01 4.03E-01 4.45E-01 6.67E-01 
VariationInFlow 1.13E-07 3.35E-04 1.36E-07 3.68E-04 2.56E-06 1.60E-03 2.34E-01 7.88E-04 3.15E-02 1.77E-01 2.51E-02 1.58E-01 1.13E-07 3.35E-04 
Model49 
(Intercept)50 2.46E-01 4.96E-01 1.11E+00 1.06E+00 6.52E-01 8.07E-01 7.64E-01 8.58E-01 1.61E-01 4.02E-01 2.72E-01 5.21E-01 4.03E-01 6.35E-01 
SludgeLayer 2.19E-06 1.48E-03 6.71E-02 2.59E-01 7.55E-02 2.75E-01 1.41E-07 2.57E-03 2.97E-06 1.72E-03 4.99E-02 2.23E-01 1.25E-06 1.12E-03 
Model50 
(Intercept)51 4.91E-01 7.00E-01 1.02E+00 1.01E+00 5.92E-01 7.70E-01 7.37E-01 8.66E-01 1.73E-01 4.16E-01 5.54E-01 7.45E-01 5.37E-01 7.33E-01 
Twigs 1.12E-01 3.34E-01 9.47E-05 9.73E-03 7.59E-06 2.75E-03 6.21E-07 2.95E-03 1.17E-07 3.42E-04 2.47E-01 4.97E-01 4.41E-02 2.10E-01 
Model51 
(Intercept)52 7.01E-01 8.37E-01 1.14E+00 1.07E+00 6.25E-01 7.91E-01 7.37E-01 1.58E+00 1.67E-01 4.09E-01 2.92E-01 5.40E-01 5.59E-01 7.48E-01 
Branch 2.44E-01 4.94E-01 3.91E-02 1.98E-01 1.87E-01 4.32E-01 6.60E-06 2.69E-01 1.17E-07 3.42E-04 3.42E-02 1.85E-01 3.54E-02 1.88E-01 
Model52 
(Intercept)53 2.28E-01 4.78E-01 1.50E+00 1.23E+00 4.70E-01 6.86E-01 7.50E-01 9.02E-01 1.59E-01 3.99E-01 1.94E-01 4.41E-01 3.98E-01 6.31E-01 
Logs 3.51E-07 5.92E-04 4.07E-01 6.38E-01 2.71E-05 5.20E-03 8.72E-06 4.58E-01 2.34E-06 1.53E-03 5.01E-06 2.24E-03 1.15E-07 3.40E-04 
Model53 
(Intercept)54 3.25E-07 5.70E-04 1.06E+00 1.03E+00 5.39E-01 7.34E-01 2.49E+00 1.48E-03 1.78E-01 4.22E-01 2.71E-01 5.21E-01 2.03E-01 4.50E-01 
MineralSubstrate 4.72E-02 2.17E-01 1.41E-07 3.75E-04 2.99E-07 5.47E-04 7.24E-02 2.16E-01 5.18E-03 7.19E-02 1.13E-07 3.35E-04 1.80E-02 1.34E-01 
Model54 
(Intercept)55 3.87E-01 6.22E-01 1.10E+00 1.05E+00 4.58E-01 6.77E-01 8.13E-01 1.49E+00 
  
1.33E-07 3.65E-04 3.87E-01 6.22E-01 
BankShapeDominant2 7.95E-06 2.82E-03 1.12E-01 3.34E-01 7.25E-06 2.69E-03 2.10E-01 8.63E-01 
  
8.60E-01 9.27E-01 1.79E-01 4.23E-01 
BankShapeDominant3 4.26E-02 2.06E-01 5.53E-06 2.35E-03 3.88E-06 1.97E-03 2.20E-06 3.38E-04 
  
6.84E-01 8.27E-01 2.54E-07 5.04E-04 
BankShapeDominant4 9.49E-06 3.08E-03 5.08E-06 2.25E-03 7.41E-02 2.72E-01 4.68E-02 1.64E+00 
  







Deposit feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
  
Variance StdDev Variance StdDev Variance StdDev Variance StdDev Variance StdDev Variance StdDev Variance StdDev 
BankShapeDominant5 4.17E-05 6.46E-03 1.29E+00 1.14E+00 3.17E-05 5.63E-03 2.23E+00 2.59E-01 
  
1.15E-07 3.39E-04 4.08E-01 6.39E-01 
Model55 
(Intercept)56 3.37E-01 5.81E-01 1.03E+00 1.01E+00 6.03E-01 7.76E-01 7.45E-01 5.34E-01 1.71E-01 4.14E-01 2.85E-01 5.34E-01 1.50E-01 3.87E-01 




2.85E-01 5.34E-01 2.85E-01 5.34E-01 2.69E+00 8.43E-01 2.85E-01 5.34E-01 1.78E-01 4.22E-01 2.85E-01 5.34E-01 
BedCompaction 
  
3.35E-04 1.83E-02 3.35E-04 1.83E-02 6.72E-02 3.52E-04 3.35E-04 1.83E-02 1.13E-07 3.35E-04 3.35E-04 1.83E-02 
Model57 
(Intercept)57 5.49E-07 7.41E-04 7.79E-01 8.83E-01 5.28E-01 7.27E-01 2.85E-01 1.02E-03 7.57E-02 2.75E-01 2.85E-01 5.34E-01 4.44E-01 6.66E-01 
SedimentMatrix 3.31E-02 1.82E-01 1.13E-07 3.35E-04 1.15E-07 3.39E-04 3.35E-04 2.79E-01 1.14E-07 3.37E-04 3.35E-04 1.83E-02 1.13E-07 3.35E-04 
Model58 
(Intercept)58 6.05E-07 7.78E-04 8.23E-01 9.07E-01 4.59E-01 6.77E-01 7.11E-01 8.43E-01 1.47E-01 3.84E-01 1.37E-06 1.17E-03 2.59E-05 5.09E-03 
SedimentAngularity 1.55E-02 1.24E-01 2.24E-06 1.50E-03 6.88E-07 8.30E-04 1.24E-07 3.52E-04 1.13E-03 3.36E-02 1.32E-02 1.15E-01 2.12E-02 1.46E-01 
Model59 
(Intercept)59 4.06E-01 6.37E-01 1.06E+00 1.03E+00     1.04E-06 1.02E-03 1.75E-01 4.18E-01 1.16E-06 1.08E-03 6.05E-01 7.78E-01 
RiffleClass 1.13E-07 3.35E-04 5.46E-07 7.39E-04     7.80E-02 2.79E-01 3.79E-07 6.16E-04 4.37E-02 2.09E-01 1.21E-07 3.48E-04 
 
Appendix Table 6.10. p-values of the random effect for deposit feeder, filter feeder, parasite, piercer, predator, scraper and shredders. For all 
numeric variables, the model containing both the linear and quadratic terms are based on the mean-centered variables as described in the 
text. The hypothesis testing of the random effects is explained in the text. Significant p-values are highlighted and in bold.   
   
Deposit feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
 
Variable Random effect Deviance Pr(>Chi) Deviance Pr(>Chi) Deviance Pr(>Chi) Deviance Pr(>Chi) Deviance Pr(>Chi) Deviance Pr(>Chi) Deviance Pr(>Chi) 
Model1 
Elevation4.1 Quadratic -25.32 >0.9999 -22.42 >0.9999 -19.052 >0.9999 -26.376 >0.9999 -28.004 >0.9999 -22.64 >0.9999 -22.42 >0.9999 
Elevation4.2 Linear -25.32 >0.9999 -0.1 >0.9999 -4.46 >0.9999 -26.376 >0.9999 -0.452 >0.9999 6.06 1.38E-02 -0.1 >0.9999 
Model2 Elevation2 Quadratic -14.94 >0.9999 -27.88 >0.9999 -27.892 >0.9999 -17.984 >0.9999 -30.896 >0.9999 -26.68 >0.9999 -27.88 >0.9999 
Model3 Elevation1 Linear 9.9 1.65E-03 -0.32 >0.9999 -0.24 >0.9999 11.082 8.72E-04 -0.618 >0.9999 -0.5 >0.9999 -0.32 >0.9999 
Model4 
Velocity4.1 Quadratic 20.86 4.94E-06 0 >0.9999 2.09 1.48E-01 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 
Velocity4.2 Linear 0 >0.9999 0 >0.9999 0 >0.9999 12.674 3.71E-04 0 >0.9999 0 >0.9999 0.55 4.58E-01 
Model5 Velocity2 Quadratic 8.04 4.58E-03 -0.02 >0.9999 0 >0.9999 18.148 2.04E-05 0 >0.9999 0 >0.9999 -0.02 >0.9999 
Model6 Velocity1 Linear 3.56 5.92E-02 0 >0.9999 0 >0.9999 15.288 9.23E-05 0 >0.9999 0 >0.9999 0 >0.9999 
Model7 
Temperature4.1 Quadratic 1.02 3.13E-01 -5.12 >0.9999 -0.002 >0.9999 1.374 2.41E-01 1.538 2.15E-01 0.22 6.39E-01 11.906 5.60E-04 






   
Deposit feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
 
Variable Random effect Deviance Pr(>Chi) Deviance Pr(>Chi) Deviance Pr(>Chi) Deviance Pr(>Chi) Deviance Pr(>Chi) Deviance Pr(>Chi) Deviance Pr(>Chi) 
Model8 Temperature2 Quadratic 24.6 7.06E-07 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 
Model9 Temperature1 Linear -11.8 >0.9999 4.54 3.31E-02 0 >0.9999 -0.004 >0.9999 1.682 1.95E-01 -0.64 >0.9999 2.306 1.29E-01 
Model10 
Conductivity4.1 Quadratic 0 >0.9999 -14.66 >0.9999 -13.728 >0.9999 0.58 4.46E-01 -18.172 >0.9999 -17.52 >0.9999 -23.09 >0.9999 
Conductivity4.2 Linear 0 >0.9999 0.68 4.10E-01 2.354 1.25E-01 -20.848 >0.9999 0.478 4.89E-01 1.88 1.70E-01 -0.41 >0.9999 
Model11 Conductivity2 Quadratic 0.98 3.22E-01 -22.32 >0.9999 -18.102 >0.9999 -16.95 >0.9999 -25.842 >0.9999 -24.4 >0.9999 -29.216 >0.9999 
Model12 Conductivity1 Linear -16.96 >0.9999 1.86 1.73E-01 2.748 9.74E-02 1.598 2.06E-01 -0.204 >0.9999 -0.06 >0.9999 -0.408 >0.9999 
Model13 
pH4.1 Quadratic 0 >0.9999 0 >0.9999 0 >0.9999 -0.002 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 
pH4.2 Linear 0 >0.9999 3.06 8.02E-02 3.548 5.96E-02 0 >0.9999 0.844 3.58E-01 0.44 5.07E-01 0 >0.9999 
Model14 pH2 Quadratic 0 >0.9999 0.5 4.80E-01 0.07 7.91E-01 -0.002 >0.9999 2.46 1.17E-01 0 >0.9999 -0.004 >0.9999 
Model15 pH1 Linear 1.06 3.03E-01 0.2 6.55E-01 0 >0.9999 0 >0.9999 1.412 2.35E-01 0 >0.9999 0 >0.9999 
Model16 
DO4.1 Quadratic 4.48 3.43E-02 0 >0.9999 -0.002 >0.9999 -0.002 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 
DO4.2 Linear 2.42 1.20E-01 1.68 1.95E-01 0 >0.9999 0 >0.9999 5.194 2.27E-02 0 >0.9999 0 >0.9999 
Model17 DO2 Quadratic 0 >0.9999 5.84 1.57E-02 10.5 1.19E-03 1.442 2.30E-01 9.35 2.23E-03 -0.02 >0.9999 0.356 5.51E-01 
Model18 DO1 Linear 0 >0.9999 4.76 2.91E-02 7.448 6.35E-03 1.144 2.85E-01 6.516 1.07E-02 0 >0.9999 0.616 4.33E-01 
Model19 
Chlorophyll4.1 Quadratic 1.38 2.40E-01 -0.02 >0.9999 -0.012 >0.9999 -0.01 >0.9999 0.318 5.73E-01 -0.08 >0.9999 -0.388 >0.9999 
Chlorophyll4.2 Linear 4.06 4.39E-02 0 >0.9999 0 >0.9999 6.548 1.05E-02 1.38 2.40E-01 0.4 5.27E-01 0 >0.9999 
Model20 Chlorophyll2 Quadratic 0.06 8.06E-01 -0.04 >0.9999 -0.08 >0.9999 4.256 3.91E-02 2.534 1.11E-01 -0.28 >0.9999 -0.508 >0.9999 




-0.3 >0.9999 -0.314 >0.9999 1.28 2.58E-01 -0.278 >0.9999 0.78 3.77E-01 -0.276 >0.9999 
Turbidity4.2 Linear 
  
0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 
Model23 Turbidity2 Quadratic 0 >0.9999 1.2 2.73E-01 -0.512 >0.9999 7.128 7.59E-03 6.692 9.68E-03 1.38 2.40E-01 -0.704 >0.9999 
Model24 Turbidity1 Linear 6.14 1.32E-02 0 >0.9999 0 >0.9999 2.774 9.58E-02 8.124 4.37E-03 0 >0.9999 0 >0.9999 
Model25 
COD4.1 Quadratic -1.22 >0.9999 -0.92 >0.9999     -0.954 >0.9999 -2.176 >0.9999 -1.3 >0.9999 -1.908 >0.9999 
COD4.2 Linear 2.12 1.45E-01 -4.12 >0.9999     -16.132 >0.9999 -9.978 >0.9999 7.68 < 2.2e-16 2.662 < 2.2e-16 
Model26 COD2 Quadratic -3.12 >0.9999 -0.08 >0.9999 -0.61 >0.9999 -1.336 >0.9999 -2.864 >0.9999 0.08 7.77E-01 -3.374 >0.9999 
Model27 COD1 Linear 0 >0.9999 2.64 1.04E-01 0.016 8.99E-01 0 >0.9999 -0.002 >0.9999 9.54 2.01E-03 -0.004 >0.9999 
Model28 
Nitrate.N4.1 Quadratic -0.16 >0.9999 0 >0.9999 0 >0.9999 0.198 6.56E-01 0 >0.9999 0 >0.9999 -0.776 >0.9999 






   
Deposit feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
 
Variable Random effect Deviance Pr(>Chi) Deviance Pr(>Chi) Deviance Pr(>Chi) Deviance Pr(>Chi) Deviance Pr(>Chi) Deviance Pr(>Chi) Deviance Pr(>Chi) 
Model29 Nitrate.N2 Quadratic 0.48 4.88E-01 0 >0.9999 1.6 2.06E-01 0.172 6.78E-01 0 >0.9999 0 >0.9999 0 >0.9999 
Model30 Nitrate.N1 Linear 1.08 2.99E-01 0.04 8.41E-01 0 >0.9999 0.046 8.30E-01 0 >0.9999 0 >0.9999 0 >0.9999 
Model31 
Ammonium.N4.1 Quadratic     0 >0.9999 0 >0.9999 -0.004 >0.9999 3.272 7.05E-02 0 >0.9999 0 >0.9999 
Ammonium.N4.2 Linear 1.36 2.44E-01 0 >0.9999 0.906 3.41E-01 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 
Model32 Ammonium.N2 Quadratic 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 




0 >0.9999 -0.002 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 
TotalP4.2 Linear 
  
0 >0.9999 0 >0.9999 2.75 9.73E-02 0 >0.9999 0 >0.9999 0 >0.9999 
Model35 TotalP2 Quadratic     0 >0.9999 0 >0.9999 0.572 4.49E-01 0 >0.9999 0 >0.9999 0 >0.9999 
Model36 TotalP1 Linear 
  
1.92 1.66E-01 0 >0.9999 0 >0.9999 -0.002 >0.9999 0 >0.9999 -0.002 >0.9999 
Model37 
AveStreamWidth4.1 Quadratic 3.12 7.73E-02 -1.2 >0.9999 -7.102 >0.9999 -2.4 >0.9999 -1.336 >0.9999 -1.74 >0.9999 -2.142 >0.9999 
AveStreamWidth4.2 Linear 0 >0.9999 4.84 2.78E-02 -0.964 >0.9999 -0.002 >0.9999 8.662 3.25E-03 19.86 8.33E-06 3.242 7.18E-02 
Model38 AveStreamWidth2 Quadratic -1.6 >0.9999 1.24 2.65E-01 -3.114 >0.9999 -2.272 >0.9999 -2.182 >0.9999 12.46 4.16E-04 -2.792 >0.9999 
Model39 AveStreamWidth1 Linear -0.64 >0.9999 4.38 3.64E-02 -0.004 >0.9999 0.184 6.68E-01 3.274 7.04E-02 19.6 >0.9999 1.022 3.12E-01 
Model37 
MeanDepth4.1 Quadratic 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 0.004 9.50E-01 0 >0.9999 0 >0.9999 
MeanDepth4.2 Linear 5.76 2.18E-01 0 >0.9999 0.684 4.08E-01 0.22 6.39E-01 0 >0.9999 0 >0.9999 0 >0.9999 
Model38 MeanDepth2 Quadratic 0 >0.9999 0 >0.9999 0.396 5.29E-01 0.388 5.33E-01 0 >0.9999 0 >0.9999 0 >0.9999 
Model39 MeanDepth1 Linear 0 >0.9999 0 >0.9999 0 >0.9999 0.042 8.38E-01 0 >0.9999 0 >0.9999 0 >0.9999 
Model40 MainLandUse1 Quadratic 0.92 3.37E-01 1.06 9.01E-01 5.84 2.11E-01     0 >0.9999 6.12 1.90E-01 2.656 6.17E-01 
Model41 Shading1 Linear 0.84 8.40E-01 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 1 3.17E-01 0 >0.9999 
Model42 MainMac1 Quadratic 0.26 9.92E-01     0.84 8.40E-01 0.84 8.40E-01 0.84 >0.9999     0.84 8.40E-01 
Model43 Valleyform1 Linear 5.36 3.74E-01 
  
0.26 9.92E-01 0.26 9.92E-01 0.26 9.92E-01 
  
0.26 9.92E-01 
Model44 Channelform1 Quadratic 0.84 3.59E-01 4.32 5.04E-01 0.338 9.97E-01 -7.18 >0.9999 2.276 8.10E-01 7.24 2.03E-01 3.72 5.90E-01 
Model45 VarInWidth1 Linear 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 0.4 5.27E-01 0.144 7.04E-01 
Model46 Erosion1 Quadratic 0 >0.9999 1.88 1.70E-01 0 >0.9999 0 >0.9999 1.408 2.35E-01 0.04 8.41E-01 0 >0.9999 
Model47 Profilebank1 Linear 0 >0.9999 0 >0.9999 0.998 8.02E-01 
      
1.352 7.17E-01 
Model48 VariationInFlow1 Quadratic 0 >0.9999 0 >0.9999 0 >0.9999 9.648 1.90E-03 3.452 6.32E-02 1.3 2.54E-01 0 >0.9999 






   
Deposit feeder Filter feeder Parasite Piercer Predator Scraper Shredder 
 
Variable Random effect Deviance Pr(>Chi) Deviance Pr(>Chi) Deviance Pr(>Chi) Deviance Pr(>Chi) Deviance Pr(>Chi) Deviance Pr(>Chi) Deviance Pr(>Chi) 
Model50 Twigs1 Quadratic 6.06 1.38E-02 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 7.76 5.34E-03 0.798 3.72E-01 
Model51 Branch1 Linear 0 >0.9999 0.12 7.29E-01 1.428 2.32E-01 0 >0.9999 0 >0.9999 0.16 6.89E-01 0.468 4.94E-01 
Model52 Logs1 Quadratic 8.92 2.82E-03 2.7 1.00E-01 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 
Model53 MineralSubstrate1 Linear 0.18 9.96E-01 0 >0.9999 0 >0.9999 6.518 1.07E-02 0.46 4.98E-01 0 >0.9999 2.476 1.16E-01 
Model54 BankShapeDominant1 Quadratic 0 >0.9999 0.58 9.65E-01 0.194 9.96E-01 2.992 5.59E-01     1.94 7.47E-01 2.478 6.49E-01 
Model55 BankSlopeDominant1 Linear 9.08 2.58E-03 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 1.534 2.16E-01 
Model56 BedCompaction1 Quadratic 1.64 2.00E-01 0 >0.9999 0 >0.9999 3.362 6.67E-02 0 >0.9999 0 >0.9999 0 >0.9999 
Model57 SedimentMatrix1 Linear 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 0 >0.9999 
Model58 SedimentAngularity1 Quadratic 1.64 2.00E-01 0 >0.9999 0 >0.9999 0 >0.9999 0.01 9.20E-01 2.68 1.02E-01 2.262 1.33E-01 
Model59 RiffleClass1 Linear 0 >0.9999 0 >0.9999 
  
4.542 3.31E-02 0 >0.9999 2 1.57E-01 0 >0.9999 
 
